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GENERAL  REPORT. 


The  following  report  of  the  State  Board  of  Health  comprises  the 
general  work  of  the  Board  during  the  year  ending  Sept.  30,  1899, 
and  of  the  special  work  relating  to  food  and  drug  inspection  during 
the  same  period,  also  of  that  which  relates  to  water  supply  and 
sewerage  for  the  calendar  year  1899. 

The  first  portion  of  the  volume,  paged  in  Roman  numerals,  con- 
tains a  condensed  account  of  the  work  done  under  the  provisions  of 
the  laws  defining  the  duties  of  the  Board. 

The  regular  work  of  the  Board  is  performed  mainly  under  the 
provisions  of  three  separate  acts  and  the  necessary  appropriations 
for  their  execution, — an  organic  act  of  1869,  establishing  the  Board  ; 
an  act  for  the  inspection  of  food  and  drugs,  of  1882  ;  and  an  act  for 
the  protection  of  the  purity  of  inland  waters,  of  1886,  with  the 
amendments  to  these  acts. 

The  second  part  of  the  report,  paged  in  Arabic  figures,  contains 
the  fuller  details  of  the  work  of  the  Board,  under  the  acts  relatinsr 
to  water  supply  and  sewerage,  food  and  drug  inspection  and  the 
general  acts  relating  to  the  work  of  the  Board. 

The  following  members  comprised  the  Board  in  1899  :  — 

Henry  P.  Walcott,  Chairman. 


Frank  W.  Draper. 
Hiram  F.  Mills. 
James  W.  Hull. 


Gerard  C.  Tobey. 
Charles  H.  Porter. 
Julian  A.  Mead. 


No  changes  have  taken  place  in  the  membership  of  the  Board 
during  the  year. 

Infectious  Diseases. 
One  of  the  prominent  topics  of  general  interest  in  all  civilized 
countries  is  the  decline  in  the   mortality  from  infectious  diseases. 
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As  a  general  rule,  most  of  the  destructive  infectious  diseases  — 
typhoid  fever,  small-pox,  dysentery,  scarlet  fever,  measles,  whoop- 
ing-cough, diphtheria,  puerperal  fever  and,  most  prominent  of  all, 
consumption  —  have  shown  a  diminishing  death-rate,  comparing  the 
past  ten  years  with  a  similar  period  fifty  years  ago.  To  this  rule 
the  population  of  Massachusetts  has  formed  no  exception. 

The  mortality  from  the  diseases  usually  known  as  local  diseases 
(diseases  of  the  brain,  heart,  lungs,  kidneys,  etc.)  has  generally 
increased  in  recent  years,  but  the  decline  in  the  mortality  from  in- 
fectious diseases  has  more  than  counterbalanced  this  increase,  so 
that  the  result  has  been  a  diminution  in  the  general  death-rate  of  the 
State.  This  death-rate  has  for  the  past  fifty  years  averaged  about 
19.5  per  1,000  of  the  living  population,  but  the  death-rate  of  the 
past  four  years  has  been  considerably  less  than  19.5. 

The  year  1898  was  remarkable  for  the  absence  of  serious  epi- 
demics throuo-hout  the  State,  the  death-rate  havino-  been  lower  than 
that  of  any  previous  year,  with  one  or  two  exceptions,  for  a  half- 
century. 

The  year  1899  also,  so  far  as  can  be  learned  from  the  mortality 
returns  of  the  year,  was,  like  its  predecessor,  a  year  of  more  than 
average  healthfulness.  The  death-rate  of  the  State  was  slightly 
less  than  that  of  the  previous  year,  allowing  for  an  average  growth 
of  population,  such  as  had  prevailed  between  the  two  census  enumer- 
ations of  1890  and  1895.  The  death-rate  from  the  principal  infectious 
diseases  was  slightly  but  not  very  much  greater  than  that  of  1898. 

The  following  figures  are  worthy  of  note  in  this  connection  :  — 


Deaths  and  General  Death-rates,  Massachusetts,  1891-99. 


Ybab. 

Deaths. 

Death-rates. 

Yeas. 

Deaths. 

Death-rates. 

1891,       . 

45,185 

19.7 

1896,      . 

49,381 

19.3 

1892,      . 

48,762 

20.8 

1897,     . 

47,419 

18.1 

1893,      . 

49,084 

20.5 

1898,     . 

46,761 

17.5 

1894,       . 

46,791 

19.1 

1899,     . 

47,710 

17.4 

1895,      . 

47,540 

19.0 

The  following  figures  are  also  suggestive,  as  showing  the  mor- 
tality from  the  principal  infectious  diseases  during  the  two  years 
1898  and  1899:  — 


1900.] 


PUBLIC   DOCUMENT  — No.  34. 


IX 


Deaths  from  Principal  Infectious  Diseases,  Massachusetts,  1898-99. 

1S98. 

1899. 

1898. 

1899. 

Small-pox, 
Diphtheria  and  ci-oup. 
Scarlet  fever, 
Typhoid  fever,  . 
Measles,     . 
Cholera  infantum,      . 
Consumption,     . 

706 
141 
663 

82 
2,320 
5,288 

14 

1,047 

235 

612 

241 

1,964 

5,221 

Dysentery,  .... 

Whooping-cough, 

Pneumonia, 

Cancer,        .... 

Cerebro-spinal  meningitis, 

293 

337 

4,206 

1,907 

259 

268 

338 

4,993 

1,838 

240 

16,202 

17,011 

By  the  foregoing  table  it  appears  that  there  was  an  increase  in 
the  mortality  from  small-pox,  diphtheria,  scarlet  fever,  measles, 
whooping-cough  and  pneumonia,  amounting  to  1,396  deaths,  and  a 
decrease  of  587  deaths  in  the  mortality  from  typhoid  fever,  cholera 
infantum,  consumption,  dysentery,  cancer  and  cerebro-spinal  men- 
ingitis, comparing  the  figures  of  1899  with  those  of  1898. 


8mall-])ox. 

During  the  year  1899  small-pox  has  occurred  in  Massachusetts  to 
a  greater  extent  than  in  any  year  since  1894.  The  number  of  places 
in  which  outbreaks  have  occurred  was,  however,  quite  small,  and 
were  all  in  the  eastern  portion  of  the  State.  No  case  was  reported 
from  any  town  in  which  rags  were  used  for  the  manufacture  of 
paper. 

The  reported  cases  occurred  in  the  following  cities  and  towns  : 
Fall  River,  37  ;  Boston,  29  ;  Everett,  6  ;  Chelsea,  27  ;  Swampscott, 
3  ;  Lowell,  2  ;  Melrose,  1 ;  total,  105  cases. 

8ex.  —  Of  the  whole  number,  53  were  males  and  52  were  females. 

Season.  —  Contrary  to  the  usual  history  of  small-pox  the  principal 
outbreaks  in  1899  occurred  in  the  latter  part  of  spring  and  in  sum- 
mer, 69  cases  having  been  reported  between  April  1  and  October  1. 

Of  the  foregoing  number  it  is  worthy  of  note  that  the  circum- 
stances in  certain  cases  revealed  a  gross  violation  of  certain  specific 
laws  relating  to  vaccination,  since  11  cases  occurred  among  un vac- 
cinated mill  operatives  at  Fall  River,  in  violation  of  chapter  515 
of  the  Acts  of  1894,  while  there  were  also  4  cases  among  un  vac- 
cinated scholars  in  the  public  schools,  in  violation  of  chapter  496 
of  the  Acts  of  1898,  section  11. 
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Eecord  of  Cases  of  Small-pox  rejported  to  the  State  Board  of  Health  during  the  Tear 
1899,  under  the  Provisions  of  Chapter  302  of  the  Acts  of  1S93. 
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30 
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April  11 
April  11 
April  11 
Aprill2 
April  13 
April  21 
April  23 
April  25, 
April  25 
May  19 
May  29: 
May  29 
May  29 
May  29 
May  29 
May  29 
May  29 
May  29 
May  29 
May  29 
May  29, 
May  29 
May  29 
May  29 
May  29 
May  29, 
May  29, 
May  29 
May  29 
May  29, 
May    29 


Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Bwarapscott, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 


Ireland,   . 
United  States, 
United  States, 
Ireland,   . 
Scotland,   ' 
United  States, 
Ireland,   . 
Ireland,   . 
Ireland,   . 
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United 


Cana- 
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Cana- 
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States, 
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United  States, 
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United  States. 
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French  Cana- 
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Laborer, 


Housewife,    . 
Mill  operative, 
Baker,    . 
Housewife,    . 

Laborer, 
Shoemaker,    . 
Mill  operative, 

Scholar, . 
Mill  operative. 
Housewife, 
Scholar, . 
Scholar, . 
Scholar, . 
Scholar, . 
Mill  operative 


Scholar, . 
Mill  operative. 
Mill  operative, 

Mill  operative. 
Housewife,    . 

Mill  operative. 
Laborer, 


Yes. 

No. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

No. 

No. 

No. 

Yes. 

No. 

Yes. 

Yes. 

No. 

Yes. 

No. 

No. 

No. 

Yes. 

No. 

No. 

No. 

Yes. 

Yes. 

No. 

No. 

No. 


1  Vaccinated  in  infancy. 

s  Vaccinated  ten  years  ago. 

5  Vaccinated  one  year  ago. 

'  Twenty-three  years  before  date. 

8  Not  vaccinated  tilljMay  27. 


2  One  year  four  months. 

*  Vaccinated  two  years  before  date. 

6  Parents  French  Canadians. 

8  Vaccinated  thirty  years  ago. 
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Eccord  of  Gases  of  Small-x>ox  reported  to  the  State  Board  of  Health  during  the  Tear 
1899,  under  the  Provisions  of  Chapter  302  of  the  Acts  of  1893  —  Cootinued. 
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Aug. 

12, 

Aug. 

16, 
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Aug. 

27, 

Aug. 

27, 

Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Fall  River, 
Swampscott, 
Swampscott, 
Boston,  . 
Boston,  . 
Boston,  . 
Fall  River, 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Fall  River, 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Boston,  . 
Fall  River, 
Boston,  . 
Boston,  . 


French  Cana- 
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French  Cana- 
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French  Cana- 
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French  Cana- 
dian. 

French  Cana- 
dian. 

French  Cana- 
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French  Cana- 
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United   States, 
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United  States, 

United  States, 
United  States, 
United  States, 
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Mill  operative. 
Mill  operative, 
Mill  operative. 
Mill  operative, 
Mill  operative, 
Mill  operative. 
Mill  operative, 
Mill  operative, 

Laborer, 
Mill  operative. 
Mill  operative. 
Railroad  employee, 
Scholar, . 


Housewife,    . 
Mill  operative, 


Domestic, 
Laborer, 


Housewife,    . 
Carpenter, 
Domestic, 
Insurance  agent,  . 
Car  inspector, 
Laborer, 
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22  years. 
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18  years. 
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35  years. 
28  years. 

5  years 

31  years. 
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1  Vaccinated  ten  years  aifo. 

3  Several  years  before  date. 

5  Ten  years  ago  and  ten  days  ago. 

'  Vaccinated  forty  years  ago. 


2  Thirteen  years  before  date. 

*  Vaccinated  thirty-five  years  ago  and  ten  i 

"  Vaccinated  thirty  years  ago. 

8  Vaccinated  In  infancy. 
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Record  of  Cases  of  Small-pox  reported  to  the  State  Board  of  Health  during  the  Tear 
1899,  under  the  Provisions  of  Chapter  302  of  the  Acts  of  1893  —  Continued. 
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Sept.    1, 
Sept.  28, 

Fall  River,    . 
Everett, 

French    Cana- 
dian. 
United  States, 

- 

4 
4| 
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F. 
M. 

No. 
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Sept.  26, 

Everett, 

United  States, 

Housewife,    . 

29 
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F. 
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1 

- 

67 
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Chelsea, 
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25 

years. 

M. 

No. 

- 

- 
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German,  . 

Watchmaker, 

28 
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M. 

Yes. 
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Everett, 
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Chelsea, 
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Domestic, 

22 

years. 

F. 

No. 

_ 

1 

83? 

Oct.    27, 

Chelsea, 

inces. 
United  States, 

Housewife,    . 

40 

years. 

F. 

Yes. 

1 

- 

846 

Oct.    27, 

Chelsea, 

United  States, 

Mill  operative. 

25 

years. 

M. 

Yes. 

- 

1 

85 

Oct.    27, 

Chelsea, 

United  States, 

Teamster, 

30 

years. 

M. 

Yes. 

1 

- 

86 
878 

Oct.    29, 

Nov.     5, 

Chelsea, 
Chelsea, 

United    States 

(colored). 
United  States, 

Housewife,    . 
Housewife,    . 

25 

58 

years, 
years. 

F. 
F. 

No. 

Yes. 

- 

- 

883 

Nov.    6, 

Chelsea, 

United  States, 

Domestic, 

22 

years. 

F. 

Yes. 

1 

- 

89 
902 
91 
92 
93 

Nov.  18, 
Nov.  18, 
Nov.  18, 
Nov.  19, 
Dec.     1, 

Chelsea, 
Chelsea, 
Chelsea, 
Chelsea, 
Chelsea, 

United    States 

(colored). 
United    States 

(colored). 
United    States 

(colored). 
United    States 

(colored). 
United  States, 

Housewife,    . 
Barber,  . 

1 
35 

2 
25 

5 

year. 

years. 

years. 

years. 

years. 

F. 
F. 
F. 
M. 

M. 

No. 
Yes. 
No. 
No. 
No. 

1 

- 

943 

Dec.     1, 

Chelsea, 

United  States, 

- 

7 

years. 

F. 

Yes. 

1 

- 

9510 

Dec.     2, 

Chelsea, 

Russia,     . 

- 

5 

years. 

M. 

Yes. 

2 

- 

1  Vaccinated  in  August. 

3  Vaccinated  fifteen  years  ago. 

5  Twenty  years  ago. 

T  Thirty-five  years  ago. 

s  Three  months  ago. 


2  Vaccinated  ten  years  ago. 
4  Vaccinated  forty  years  ago. 
"  Vaccinated  four  years  before  present  date. 
8  Thirty -eight  years  ago. 
1"  Two  years  ago. 
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Record  of  Cases  of  Small-pox  reported  to  the  State  Board  of  Health  during  the  Year 
1899,  under  the  Provisions  of  Chapter  302  of  the  Acts  of  1893  —  Concluded. 


a 
■a 

t 

0 
a, 

0 
B 
0 

i 

0 

C.S 

•a 

c 
_o 

Is 

p. 

3 
0 

< 

■d 

3'S 

a 
3 

a 

a 

3 
'A 

961 

Dec.     4, 

Chelsea, 

United   States, 

- 

4 

mos. 

M. 

Yes. 

1 

- 

971 

Dec.     4, 

Chelsea, 

United   States, 

- 

_2 

F. 

Yes. 

1 

- 

98 

Dec.     7, 

Chelsea, 

United   States, 

- 

3 

years. 

M. 

No. 

- 

- 

99 

Dec.   15, 

Boston,  . 

British     Prov- 

_ 

25 

years. 

P. 

No. 

_ 

_ 

1003 

Deo.   16, 

Boston,  . 

inces. 
Denmark, 

- 

39 

years. 

P. 

Yes. 

1 

- 

101 

Dec.   18, 

Lowell,  . 

United  States, 

Paper-hanger, 

32 

years. 

M. 

No. 

- 

1 

102 

Dec.   19, 

Boston,  . 

United   States, 

- 

4 

years. 

P. 

No. 

- 

- 

1034 

Dec.   19, 

Chelsea, 

United   States, 

Book-keeper, 

23 

years. 

P. 

Yes. 

- 

1 

1043 

Dec.  29, 

Boston,  . 

United   States, 

- 

50 

years. 

F. 

Yes. 

1 

- 

1053 

Dec.  31, 

Boston,  . 

British     Prov- 
inces. 

- 

36 

years. 

F. 

Yes. 

1 

- 

1  Three  months  ago. 
3  Vaccinated  in  infancy. 


2  One  year  nine  months. 
*  Seventeen  years  ago. 


General  Summary. — The  following  general  summary  is  pre- 
sented in  consequence  of  an  unusual  prevalence  of  small-pox  in 
1899. 

Since  1883  records  have  been  kept  of  each  case  of  small-pox  re- 
ported in  the  State,  from  which  it  is  possible  to  gain  fairly  accurate 
information  as  to  the  protection  afforded  by  vaccination,  as  well  as 
the  effect  of  the  age  of  the  individual  upon  the  fatality  of  the  dis- 
ease in  the  vaccinated  and  the  unvaccinated. 

The  following  table  presents  the  numbers  of  cases  reported  to  the 
State  Board  of  Health,  together  with  the  number  of  deaths  in  each 
year  since  and  including  1883  :  — 

Cases  and  Deaths  frovi   Small-pox  reported  to  the   State  Board  of  Health, 

1883-1899. 


Years. 

Cases. 

Deaths. 

Yeabs. 

Cases. 

Deaths. 

1883,  

21 

5 

1888 

32 

9 

1884 

9 

3 

, 1889,  

15 

6 

1885 

32 

19 

1890 

6 

1 

1886 

2 

- 

1891 

5 

3 

1887 

13 

3 

1892 

19 

2 
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Cases  and  Deaths  from  Small-pox  reported  to  the  State  Board  of  Health, 
1883-1899  —  Concluded. 


Years. 


1893, 
1894, 
1895, 
1896, 


Cases. 


45 

185 

1 

5 


Years, 

1897,  , 

1898,  . 

1899,  . 
Total, 


18 

12 

105 


From  1885  down  to  the  present  time  records  have  also  been  kept 
of  the  fact  of  vaccination  among  those  attacked  with  small-pox,  so 
far  as  it  was  possible  to  gather  this  information  from  the  official 
notices  received  at  the  office  of  the  Board.  From  these  records  the 
following  table  has  been  compiled  :  — 

Small-pox  in  Massachusetts  (1883-99).     Com-jjarative  Fatality  of  the  Vaccinated 

and  Unvaccinated. 


Totals. 

Vaccinated. 

Unvaccinated. 

Unknown. 

Years. 

5 

03 

Q 

c 
fc,Q 

<a 
O 

c 

o 

1 

a> 

a 

1885, 
1886, 
1887, 
1888, 
1889, 
1890, 
1891, 
1892, 
1893, 
1894, 
1895, 
1896, 
1897, 
1898, 
1899, 

32 
3 
12 

32 

16 

6 

5 

19 

47 

185 

1 

5 

18 

12 

105 

11 

1 
3 
5 
4 
1 
1 
2 
9 
33 

3 
14 

- 

7 

1 

6 

15 

11 

2 

1 

7 

11 

84 

1 

4 

9 

11 

54 

1 

1 

6 

2 
7 

- 

13 

1 
5 
13 
3 
2 
3 
10 
29 
86 

3 

1 
46 

9 
1 
2 
3 

1 

1 

1 

8 

22 

1 

7 

- 

12 

1 
1 
4 
2 
2 
1 
2 
7 
15 

1 
6 

5 

2 
5 

- 

498 

87 

17.5 

224 

17 

7.6 

215 

56 

26.0 

59 

14 

23.7 

From  this  table  it  appears  that  the  fatality  of  small-pox  among 
the  vaccinated  was  7.6  per  cent.,  while  that  of  the  unvaccinated 
was  26.0  per  cent.,  or  more  than  three  times  as  great. 
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These  cases  reported  in  the  fifteen  years  ending  with  1899  oc- 
curred in  the  following;  cities  and  towns  :  — 


Boston,     . 

Holyoke, . 

Fall  River, 

Chelsea,  . 

Chieopee, 

Worcester, 

New  Bedford, 

Lowell,    . 

Springfield, 

Westfield, 

Huntington, 

Everett,    . 

Russell,    . 

Pep  per  ell, 

Sherborn, 

Greenfield, 

State  Almshouse, 

Waltham, 

Somerville, 

Cambridge, 

Swampscott, 

Haverhill, 

Quiney,    . 

North  Adams, 

Brookline, 

Great  Barrington, 

Lenox, 


177 

43 

43 

86 

31 

24 

18 

14 

10 

10 

7 

6 

5 

4 

4 

4 

4 

3 

3 

3 

3 

2 

2 

2 

2 

2 

2 


Milton,     . 

Methuen, 

Dalton, 

Holden, 

Melrose, 

Adams, 

Andover, 

Attleborough, 

Belchertown, 

Blackstone, 

Chester,   . 

Granville, 

Lanesborough, 

Lawrence, 

Lynn, 

Marlborough, 

Maynard, 

Medway, . 

Natick,     . 

North  borough, 

Pittsfield, 

Randolph, 

Spencer,  . 

Stoneham, 

West  Springfield, 

Williamstown, 

Gloucester, 


Thirteen  of  these  cities  and  towns  were  places  in  which  pape 
mills  using  rags  are  located,  but  the  actual  number  of  paper  mil 
operatives  attacked  with  small-pox  was  only  20,  or  4  per  cent.,  a 
smaller  ratio  than  that  which  prevailed  in  earlier  epidemics.  Sev- 
eral other  persons  were  attacked  who  were  probably  indirectly  ex- 
posed to  infection  from  rags,  being  persons  of  other  occupations 
living  in  the  same  families  or  tenements  with  paper  mill  operatives. 
Outbreaks  in  Chieopee  have  occasionally  been  traced  to  the  neigh- 
boring city  of  Holyoke. 

Outbreaks  involving  one  or  more  cases  in  each  occurred  in  Bos- 
ton in  eleven  years  out  of  the  fifteen-year  period ;  in  Holyoke  in 
eight  years  ;  in  Springfield  in  four  years  ;  in  Lowell  in  four  years  ; 
in  Chelsea  in  four  years ;  in  Huntington  in  three  years  ;  in  West- 
field  in  three  years  ;  in  Pepperell  in  three  years  ;  in  New  Bedford  in 
three  years. 
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Sex.  —  Of  the  cases,  wherein  the  sex  was  stated,  242  were  males 
and  207  were  females,  or  in  the  ratio  of  117  males  to  each  100 
females. 

Nationality.  —  The  nationality  of  the  reported  cases  was  as  fol- 
lows, so  far  as  it  was  stated  in  the  returns :  — 


United  States, 

.  190 

France, 

British  Provinces, . 

.  129* 

Germany, 

Ireland, . 

.     69 

Sweden, 

England, 

.     13 

Russia, 

Portugal, 

.     13 

Belgium, 

Italy,      .         .         . 

.     10 

Finland, 

Scotland, 

.     10 

Denmark 

Occupations.  —  The  occupation  of  the   persons  attacked  was  as 
follows,  so  far  as  was  stated  in  the  returns  :  — 


Operatives  in  paper 

mill 

s, 

20 

Cigar  makers, . 

.      4 

Operatives  in  other  mills. 

44 

Laundry  oj^eratives, 

3 

Housewives,    . 

48 

Harness  makers. 

3 

Laborers, 

28 

Tramps,  . 

3 

House  servants, 

17 

Painters,  . 

2 

School  children, 

25 

Weavers, 

.      2 

Carpenters, 

6 

Car  cleaners,   . 

2 

Clerks,     . 

7 

Night  watchmen,     . 

2 

Nurses,    . 

5 

Railroad  employes, 

2 

Physicians, 

3 

Bakers,    . 

2 

Seamen,   , 

5 

Shoemakers,    . 

2 

Waiters,  . 

5 

Engineers, 

2 

Barbers,  . 

4 

Mechanics, 

2 

Book-keepers, 

4 

Salesmen, 

2 

and  1  each  of  31  other  occupations,  including  a  disinfecter  of  a  local  board  of 
health. 

Small-pox  hy  Ages,  and  the  Influence  of  Vaccination.  —  The  fol- 
lowing table  contains  the  statistics  by  ages  of  the  cases  and  deaths 
from  small-pox  in  the  vaccinated  and  the  unvaccinated,  and  among 
those  in  which  the  facts  as  to  vaccination  were  unknown  or  doubt- 
ful. These  relate  to  those  cases  and  deaths  which  occurred  in  the 
twelve  years  1888-99. 


*  Including  65  French  Canadians. 
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Fatality  of  the  Vaccinated  and  Unvaccinated  in  Massachusetts  {1888-99).   Twelve 

Years.    By  Ages. 


Vaccinated. 

Unvaccinated. 

Doubtful. 

Total. 

Ages. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

0  to    1  year,  . 

1  to    5  years, 
5  to  10  years, 

10  to  15  years, 
15  to  20  years, 
20  to  30  years, 
30  to  40  years, 
40  to  50  years, 
Over  50  years, 
Unknown, 

1 
9 
6 
19 
23 
76 
31 
24 
17 
3 

1 
5 
5 
3 
2 

23 
47 
19 

7 
25 
51 
19 

3 

1 

11 

7 

6 

12 

6 

3 

1 
1 
3 
2 
6 
16 
3 
4 
3 
4 

2 
4 
1 

1 

25 
57 
28 
28 
54 
143 
53 
31 
20 
8 

11 

7 

9 

21 

12 

8 

3 

209 

16 

195 

45 

43 

8 

447 

69 

This  table  contains  very  valuable  information  relative  to  the  pro- 
tective power  of  vaccination  at  diiferent  age  periods.  Only  1  vacci- 
nated infant  under  one  year  of  age  was  attacked  with  small-pox,  and 
this  child  survived,  while  there  were  23  attacks  of  unvaccinated 
infants  under  one  year  of  age,  and  of  these,  11  died,  or  47.8  per 
cent.  Among  vaccinated  persons  under  fifteen  years  of  age  there 
were  35  attacks,  and  no  deaths.  Among  unvaccinated  persons  un- 
der fifteen  years  old  there  were  96  attacks  and  18  deaths,  or  18.7 
per  cent.  Among  vaccinated  adults  over  fifteen  years  of  age  there 
were  171  attacks  and  16  deaths,  or  9.4  per  cent.  Among  unvacci- 
nated adults  over  fifteen  years  old  there  were  98  attacks  and  27 
deaths,  or  27.5  per  cent. 

It  is  also  worthy  of  note  that  51  school  children  or  children  of 
school  ages  (five  to  fifteen  years)  were  attacked,  and  of  this  number 
26,  or  more  than  one-half,  were  unvaccinated.  Out  of  this  whole 
number  (51)  there  were  no  deaths,  this  being  the  age  period  in 
which  the  specific  intensity  of  life  is  greatest,  i.e.,  the  power  to  re- 
sist fatal  attacks  of  illness. 

Out  of  the  209  who  were  recorded  as  having  been  vaccinated  it 
was  stated  in  the  returns  that  115,  or  55  per  cent.,  had  been  vacci- 
nated in  infancy  only,  and  judging  from  the  carefully  recorded  sta- 
tistics of  other  countries,  it  is  safe  to  presume  that  the  16  deaths  of 
vaccinated  adults  occurred  among  this  class  exclusively. 


xviii  STATE   BOARD   OF   HEALTH.  [Jan. 

The  occurrence  of  small-pox  in  the  State  in  a  greater  degree  than 
usual  in  1899  was  due  primarily  to  a  corresponding  increased  in- 
cidence of  the  disease  in  other  States,  with  all  of  which  our  own 
State  has  unrestricted  freedom  of  intercourse  by  railway  lines  in 
many  directions.  The  serious  outbreak  in  Fall  River  was  confined 
almost  exclusively  to  persons  of  French  Canadian  origin.  Another 
cause  is  to  be  found  in  the  neglect  of  vaccination  and  revaccination, 
the  latter  being  almost  of  equal  importance  with  the  former. 

Outbreaks  in  Other  States. — Under  the  provisions  of  the  Inter- 
state and  Intercolonial  resolutions  which  were  drawn  up  at  a  meet- 
ing of  the  American  Public  Health  Association  at  Toronto,  in  1886, 
reports  of  outbreaks  of  small-pox  were  received  at  the  office  of  the 
Board  during  1899  from  Connecticut,  Florida,  Illinois,  Indiana, 
Kansas,  Louisiana,  Maine,  Michigan,  Minnesota,  Missouri,  New 
Jersey,  North  Carolina,  Ohio,  Pennsylvania,  Rhode  Island,  South 
Carolina,  West  Virginia,  Wisconsin  and  the  provinces  of  Ontario 
and  Quebec.  The  greater  number  of  cases  were  reported  from 
Pennsylvania,  Ohio,  Louisiana  and  the  provinces  of  Ontario  and 
Quebec.  The  total  number  of  cases  reported  from  these  States  and 
provinces  was  2,399. 

On  account  of  the  increased  prevalence  of  small-pox  in  the  State 
in  1899  the  Board  issued  the  following  circular  in  June  :  — 

Small-pox  and  Vaccination. 

[A  Circular  from  the  State  Board  of  Health.  —  June,  1899.] 
In  view  of  the  unusual  prevalence  of  small-pox  in  other  neighboring 
States  at  the  present  time  the  State  Board  of  Health  desires  to  urge  upon  the 
local  health  authorities  throughout  the  State  the  importance  of  general  vac- 
cination of  the  inhabitants  for  the  prevention  of  small-pox.  The  facilities 
for  intercourse  between  Massachusetts  and  other  States  make  the  intro- 
duction of  the  disease  an  easy  matter  among  populations  which  are  par- 
tially unprotected  by  vaccination. 

In  the  State  of  Ohio  there  have  been  1,757  reported  cases  since  April, 
1898,  and  328  have  been  reported  within  the  past  seven  weeks,  mostly  in 
the  larger  cities  of  Cincinnati,  Cleveland  and  Columbus.  The  existence 
of  this  unusual  number  of  cases  threatens  the  population  of  neighboring 
States  to  such  a  degree  that  special  vigilance  becomes  necessary  on  the 
part  of  all  local  health  authorities  to  provide  the  necessary  facilities  for  a 
general  vaccination  of  the  people. 

Five  limited  outbreaks  of  the  disease  have  occurred  in  Massachusetts 
within  the  past  month,  and  others  are  liable  to  occur  if  special  pains  are 
not  taken  to  prevent  them. 
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It  is  quite  certain  that  a  considerable  portion  of  the  population  is  still 
without  protection,  in  consequence  of  neglect  to  be  vaccinated  or  because 
vaccination  has  been  improperly  performed. 

Vaccination  gives  a  protection  which  is  more  complete  than  can  be  ob- 
tained by  any  other  means,  and  even  when  this  protection  is  not  absolute, 
it  has  been  thoroughly  demonstrated  that  vaccination  renders  the  individ- 
ual much  less  liable  to  an  attack  of  small-pox,  and  if  the  attack  does 
occur,  the  severity  of  the  disease  is  greatly  modified. 

The  objections  once  urged  against  the  use  of  humanized  lymph  are  now 
obviated  by  the  almost  universal  use  of  lymph  obtained  from  the  calf. 
The  Board  recommends  the  use  of  glycerinated  lymph  as  likely  to  produce 
the  most  uniformly  favorable  results. 

In  view,  therefore,  of  the  possible  appearance  of  small-pox,  it  is  ear- 
nestly recommended  that  a  general  vaccination  of  all  unprotected  persons 
be  made,  and  that  the  local  authorities  of  cities  and  towns  be  requested  to 
carry  out  this  recommendation. 

Examination  of  the  pupils  in  the  public  schools  should  be  made  before 
the  usual  summer  closing  of  the  schools  and  such  examination  should  be 
made  by  a  competent  physician. 

Your  attention  is  called  to  the  following  extracts  from  the  existing 
statutes  relating  to  small-pox  and  vaccination :  — 

[P.  S.,  80,  $  78;  Acts  of  1884,  98,  §  1;  Acts  of  1890,  102] 
When  a  householder  knows  that  a  person  within  his  family  or  house  is  sick  of 
small-pox,  diphtheria,  scarlet  fever  or  any  other  infectious  or  contagious  disease 
dangerous  to  the  public  health,  he  shall  immediately  give  notice  thereof  to  the 
board  of  health  of  the  city  or  town  in  which  he  dwells,  and  upon  the  death,  re- 
covery or  removal  of  such  person,  such  of  the  rooms  of  said  house  and  such  of 
the  articles  therein  as,  in  the  opinion  of  the  board  of  health,  have  been  subjected 
to  infection  or  contagion  shall  be  disinfected  by  such  householder  to  the  satisfac- 
tion of  said  board  of  health.  Any  person  neglecting  or  refusing  to  comply  with 
either  of  the  above  provisions  shall  be  punished  by  a  fine  not  exceeding  one  hun- 
dred dollars. 

[P.  S.,  80,  I  79;  Acts  of  1884,  98,  §  2;  Acts  of  1891,  188.] 

When  a  physician  knows  that  a  person  whom  he  is  called  to  visit  is  infected 
with  small-pox,  diphtheria,  scarlet  fever  or  any  other  disease  dangei'ous  to  public 
health,  he  shall  immediately  give  notice  thereof  in  writing  over  his  own  sio-na- 
ture  to  the  selectmen  or  board  of  health  of  the  town  ;  and  if  he  refuses  or  neglects 
to  give  such  notice  he  shall  forfeit  for  each  ofi'ence  not  less  than  fifty  nor  more 
than  two  hundred  dollars. 

[Acts  of  1884,  98,  ^  3.] 

The  boards  of  health  in  the  several  cities  and  towns  shall  cause  a  record  to  be 
kept  of  all  reports  received  in  pursuance  of  the  preceding  sections,  and  such  rec- 
ord shall  contain  the  names  of  all  persons  who  are  sick,  the  localities  in  which 
they  live,  the  diseases  with  which  they  are  affected,  together  with  the  date  and 
the  names  of  the  persons  reporting  any  such  cases.  The  boards  of  health  shall 
give  the  school  committee  immediate  information  of  all  cases  of  contagious  dis- 
eases reported  to  them  according  to  the  provisions  of  this  act. 
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[A.CT8  OF  1884,  98,  §  4.] 
The  secretary  of  the  Commonwealth  shall  furnish  the  boards  of  health  with 
blank  books  for  the  record  of  cases  of  contagious  diseases  as  above  provided. 

[Acts  of  1883,  138,  §  1 ;  Acts  of  1886,  101,  §  4.] 
When  the  board  of  health  of  any  city  or  town  has  had  notice  of  the  occurrence 
of  a  case  of  small-pox  in  such  city  or  town,  such  board  of  health  shall,  within 
twenty-four  hours  after  the  receipt  of  such  notice,  notify  the  state  board  of  health 
of  the  same,  and  the  secretary  of  said  state  board  shall  forthwith  transmit  a  copy 
of  the  notice  so  received  to  the  state  board  of  lunacy  and  charity. 

[Acts  of  1893,  302,  §  1.] 
When  the  board  of  health  of  any  city  or  town  has  had  notice  of  the  occurrence 
of  a  case  of  small-pox  or  of  any  other  disease  dangerous  to  the  public  health  in 
such  city  or  town,  such  board  of  health  shall,  within  twenty-four  hours  after  the 
receipt  of  such  notice,  notify  the  state  board  of  health  of  the  same, 

[Acts  of  1883, 138,  §  2;  Acts  of  1893,  302,  ^  2.] 
If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of  small-pox  or  of  any 
other  disease  dangerous  to  the  public  health  has  occurred,  refuses  or  neglects  to 
send  a  notice  as  required  in  section  one  [of  chapter  302  of  the  Acts  of  1893],  such 
city  or  town  shall  forfeit  its  claim  upon  the  Commonwealth  for  the  payment  of 
any  expenses  which  may  be  incurred,  as  provided  in  section  eighty-three  of  chap- 
ter eighty  of  the  Public  Statutes. 

Vaccination. 
[Acts  of  1894,  515,  §  1.] 
Parents  and  guardians  shall  cause  their  children  and  wards  to  be  duly  vacci- 
nated before  they  attain  the  age  of  two  years,  except  as  provided  in  section  two 
of  this  act.     For  every  year's  neglect  the  party  offending  shall  forfeit  the  sum  of 

five  dollars. 

[Acts  of  1894,  515,  §  3.] 

The  board  of  health  in  any  city  or  town  shall  require  and  enforce  the  vaccina- 
tion and  re-vaccination  of  all  the  inhabitants  thereof  whenever  in  the  opinion  of 
said  board  the  public  health  or  safety  requires  such  action.  Every  person  over 
twenty-one  years  of  age,  not  under  guardianship,  who  neglects  to  comply  with 
such  requirement  shall  forfeit  the  sum  of  five  dollars. 

[Acts  of  1894,  515,  §  4  ] 
The  board  of  health  in  any  city  or  town  shall  furnish  the  means  of  free  vacci- 
nation or  re-vaccination  to  all  the  inhabitants  thereof  whenever  in  the  opinion  of 
said  board  the  public  safety  requires  it. 

[Acts  of  1894,  515,  §  5  ] 
Incorporated  manufacturing  companies,  superintendents  of  almshouses,  state 
reform  schools,  industrial  schools,  lunatic  hospitals,  and  other  places  where  the 
poor  or  sick  are  received,  masters  of  houses  of  correction,  jailers,  keepers  of 
prisons,  the  warden  of  the  state  prison,  and  superintendents  or  ofBcers  of  all 
other  institutions  supported  or  aided  by  the  state,  shall,  at  the  expense  of  their 
respective  establishments  or  institutions,  cause  all  the  inmates  thereof  to  be  vac- 
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cinated  or  re-vaccinated  whenever  in  the  opinion  of  the  board  of  health,  in  the 
city  or  town  in  which  such  establishments  or  institutions  are  situated,  the  health 
of  the  inmates  thereof  or  the  public  safety  require  such  action 

[P.  S.,  47.  §  9.] 
The  school  committee  shall  not  allow  a  child  who  has  not  been  duly  vaccinated 
to  be  admitted  to  or  connected  with  the  public  schools.     [But  see  1894,  515,  §  2, 
page  87,  and  1898,  chapter  496,  section  11.] 

[Acts  of  1894,  355.] 
All  vaccine  institutions  in  the  Commonwealth  shall  be  under  the  supervision  of 
the  state  board  of  health. 

[Acts  of  1898,  496,  §  11.] 

Pboviding  for  the  Exclusion  of  Certain  Children   from  the  Public 

Schools. 
No  child  who  has  not  been  duly  vaccinated  shall  be  admitted  to  a  public  school 
except  upon  presentation  of  a  certificate  signed  by  a  regular  practising  physician 
that  such  child  is  an  unfit  subject  for  vaccination.  No  child  who  is  a  member  of 
a  household  in  which  a  person  is  sick  with  small-pox,  diphtheria,  scarlet  fever  or 
measles,  or  of  a  household  exposed  to  contagion  from  a  household  as  aforesaid, 
shall  attend  any  public  school  during  such  sickness  or  until  the  teacher  of  the 
school  has  been  furnished  with  a  certificate  from  the  board  of  health  of  the  town 
or  city,  or  from  the  attending  physician  of  such  sick  person,  stating,  in  a  case  of 
small-pox,  diphtheria  or  scarlet  fever,  that  a  period  of  at  least  two  weeks,  and  in 
a  case  of  measles  a  loeriod  of  at  least  three  days,  has  elapsed  since  the  recoveiy, 
removal  or  death  of  such  person,  and  that  danger  of  the  conveying  of  such 
disease  by  such  child  has  passed. 

By  the  provisions  of  section  34  of  chapter  496  of  the  Acts  of  1898,  the 
truant  officers  of  cities  and  towns  are  required  to  "inquire  into  all  cases 
arising  under  section  11  of  the  same  chapter  and  are  authorized  to  make 
complaints,  serve  legal  processes  and  carry  into  execution  judgments 
thereunder." 

Typhoid  Fever. 

The  death-rate  from  typhoid  fever  is  very  properly  taken  as  an 
index  of  the  sanitary  condition  of  any  community  for  a  series  of 
years,  special  reference  being  had  to  the  purity  of  the  public  water 
supply  as  a  matter  of  the  highest  importance.  One  of  the  most 
notable  points  in  the  sanitary  history  of  the  State  is  the  almost 
uniform  decline  in  the  mortality  from  this  disease,  in  proportion  as 
measures  have  been  taken  to  introduce  better  vs^ater  supplies  and  to 
improve  those  which  already  exist. 

The  following  tables,  continued  from  those  which  have  been  pub- 
lished in  previous  reports,  present  the  deaths  and  death-rates  in  the 
cities  of  the  State  for  the  successive  five-year  periods  which  have 
elapsed  since    1870,  together  with  the   four-year  period    1896    to 
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1899.  For  all  of  these  years  except  1898  and  1899  the  figures  are 
taken  from  the  Registration  Reports.  For  1898  and  1899  the 
figures  are  from  the  official  returns  sent  by  local  boards  of  health  to 
the  State  Board,  under  the  provisions  of  chapter  218  of  the  Acts  of 
1894. 

The  figures  presented  in  these  tables  show  a  marked  improvement 
when  the  later  years  of  the  series  are  compared  with  the  former. 
In  the  first  five-year  period  (1871-75)  the  death-rate  from  typhoid 
fever  in  the  cities  as  well  as  in  the  State  at  large  was  8.2  per 
10,000  living,  and  this  has  gradually  been  reduced  to  2.6,  or  less 
than  one-third,  in  the  four-year  period  1896-99.  There  has  also 
been  a  progressive  decrease  in  these  four  years  from  3.1  in  1896  to 
2.4  in  1899. 

While  in  the  period  1871-75  there  was  not  one  city  having  a 
lower  death-rate  from  typhoid  fever  than  2.7  per  10,000,  there  were 
in  the  period  1896-99  twenty-two  cities  having  a  lower  death-rate 
from  this  cause  than  2.7,  or  just  two-thirds  of  the  whole  number 
of  cities,  and  in  1899  there  were  twenty-four  such  cities. 

North  Adams  maintained  the  highest  typhoid  death-rate  during 
each  of  these  last  four  years,  except  in  1899.  Beverly,  Newbury- 
port,  Haverhill,  Chicopee,  Boston  and  Quincy  also  had  average 
typhoid  death-rates  of  more  than  3  per  10,000  for  the  four  years. 
Worcester,  Fitchburg,  Woburn  and  Marlborough  had  mean  death- 
rates  in  this  latter  period  of  less  than  1.5  per  10,000.  In  Woburn 
the  total  number  of  deaths  from  this  cause  was  only  2  in  each  of  the 
four  years,  and  in  Marlborough  there  were  no  deaths  from  typhoid 
fever  in  1898  and  1899. 

The  most  notable  improvement  was  that  of  Lawrence,  where  the 
typhoid  death-rate  fell  from  a  mean  of  11.2  per  10,000  in  1886-90, 
and  7.7  in  1891-95,  to  2.5  in  the  four  years  1896-99,  following  the 
introduction  of  filtration  of  the  city  water  supply  in  the  autumn  of 
1893.  The  coincidence  in  the  decline  of  the  typhoid  fever  death- 
rate  with  the  introduction  of  public  water  supplies  throughout  the 
State  was  shown  in  a  carefully  prepared  table  which  was  published 
in  the  twenty-eighth  annual  report  of  the  Board  (1896),  pages 
779-782. 

In  consequence  of  the  intimate  relation  of  this  disease  to  the 
sanitary  condition  of  communities,  local  boards  of  health  are 
brouo;ht    into    closer    contact  with    it    than   with    other    infectious 


1900.] 


PUBLIC   DOCUMENT  — No.  34. 


XXlll 


diseases.  Hence  the  State  Board  has  often  been  called  upon  to 
give  such  assistance  as  was  necessary  in  the  investigation  of  the 
causes  of  the  prevalence  of  typhoid  fever.  A  brief  statement  of 
the  results  of  such  investigations  may  be  found  in  that  portion  of 
the  report  which  is  entitled  "Health  of  Towns." 

Deaths  and  Death-rates  per  10,000  Inhabitants  fror)i  Typhoid  Fever  in  Massa- 
chusetts Cities,  1871-99. 
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Deaths  and  Death-rates  per  10,000  Inhabitants  from  Typhoid  Fever  in  Massa- 
chusetts Cities,  1871-99  —  Concluded. 
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Consumption. 
The  decline  in  the  mortality  from  this  destructive  disease  has  con- 
tinued with  a  fairly  steady  and  uniform  rate  throughout  the  past  fifty 
years,  the  death-rate  by  five-year  periods  being  as  follows  since 

1850:  — 

Deaths  from  Consumptto?i  per  10,000  living. 

1851-55, 41.1  1876-80, 31.0 

1856-60, 38.9  1881-85,  .        .        .        .        .  31.4 

1861-65,  36.5  1886-90,  .....  27.3 

1866-70,  .....  33.4  1891-95,  .        .        .        .        .  23.1 

1871-75, 34.6 


1896, 

1897, 


Estimated. 

21.7  I   1898, 

20.8  1899, 


19.4 
18.7 


The  most  encouraging  feature  in  this  very  marked  diminution  of 
the  death-rate  from  consumption  is  the  fact  that  the  saving  of  life 
is  greatest  at  the  wage-earning  period  of  life  (15  to  60  years),  since 
it  is  at  this  age  that  consumption  is  most  fatal.  Out  of  1,000  deaths 
from  all  causes  in  Massachusetts  at  the  age  period  15  to  60  years  in 
1894  and  1895,  288  were  from  tuberculosis.  (In  Paris  for  the  same 
period  of  life  the  figures  were  still  higher  —  400  —  and  in  Vienna, 
459,  or  nearly  one-half  of  all  the  deaths  at  that  age  of  life.) 

Reasonable  measures,  therefore,  intended  for  the  control  and  pre- 
vention of  a  disease  so  destructive  to  human  life  at  its  most  useful 
period,  are  commendable  and  should  be  generally  adopted.  Clean- 
liness, the  destruction  of  sputum  and  the  prevention  of  its  distribu- 
tion in  places  where  it  can  prove  harmful,  the  circulation  of  tracts 
and  literature  describing  the  disease  and  the  methods  of  its  preven- 
tion in  clear  and  simple  language,  the  establishment  of  hospitals  or 
sanitaria  where  the  sick  can  be  removed  from  places  where  the 
patient  is  likely  to  be  a  danger  to  his  friends,  —  all  these  measures 
tend  to  diminish  the  death-rate  from  this  cause. 


Diphtheria  and  Group. 
The  death-rate  from  these  combined  causes  in  Massachusetts  dur- 
ing the  past  forty  years  has  fluctuated  considerably,  reaching  a  high 
rate  of  18.2  per  10,000  in  1863,  then  dropping  to  a  minimum  of 
4.5  in  1867,  and  continuing  at  nearly  the  same  rate  for  about  ten 
years,  then  rising  to  a  maximum  of  19.6  per  10,000  in  1876  and 
continuing  at  a  high  rate  for  six  years,  in  none  of  which  it  fell 
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below  10  per  10,000.  From  1882  to  1895  it  continued  at  about  an 
average  of  7  or  8  per  10,000,  with  a  slight  rise  to  10.2  in  1889. 
From  1895  to  1898  there  was  a  decided  fall  in  the  death-rate,  but 
so  far  as  can  be  learned  from  the  returns  received  in  1899  there 
was  ao;ain  a  slight  rise  in  the  death-rate  for  that  vear.  There  should, 
however,  be  a  distinction  made  between  the  death-rate  or  mortality 
of  this  disease  and  the  fatality  or  ratio  of  deaths  to  cases. 

In  the  following  table  both  of  these  facts  are  presented  for  the 
years  1891  to  1899:  — 

Deaih-rate  atid  Fatality  of  Diphtheria  and  Croup  in  Massachusetts,  1891-99. 


Fatality. 

Fatality 

Years. 

Death-rate. 

Ratio  of  Deaths 
to  Cases. 

Years. 

Death-rate. 

Ratio  of  Deaths 
to  Cases. 

1891,       . 

5.3 

23.5 

1896,     . 

6.6 

15.1 

1892,       . 

6.2 

29.2 

1897,     . 

5.5 

14.1 

1893,      . 

5.8 

31.7 

1898,     . 

2.6 

13.2 

1894,      . 

7.4 

27.9 

1899,     . 

3.7* 

11.5 

1895,      . 

7.1 

18.9 

*  Approximate. 

In  this  table  the  first  column  entitled  "death-rate"  shows  the 
fluctuation  of  the  disease  in  its  incidence  upon  the  population  dur- 
ing the  period  of  nine  years,  while  the  column  of  fatality  shows  the 
percentage  of  deaths  out  of  the  whole  number  of  reported  cases  and 
answers  the  question :  Out  of  a  certain  number  who  are  attacked, 
how  many  die?  The  most  notable  point  in  this  last  column  is  the 
steady  and  continuous  decline  since  1894,  a  fact  which  can  only  be  ex- 
plained by  the  liberal  provisions  made  for  the  general  use  of  antitoxin 
for  the  treatment  of  diphtheria  throughout  the  State.  For  further 
information  on  this  point  reference  may  be  made  to  the  later  portion 
of  the  report,  "  Statistical  Summaries  No.  2  "  and  "  Report  on  Anti- 
toxin." 

Isolation  Hospitals  for  Infectious  Diseases. 

Closely  related  to  the  foregoing  subject  of  infectious  diseases  and 
their  proper  management  and  control  is  the  question  of  providing 
means  for  their  separate  treatment  under  careful  medical  supervision 
in  hospitals  isolated  from  the  general  population.  In  the  twenty-fifth 
annual  report  of  the  Board  (1893)  an  article  was  published  having 
reference  to  this  subject,  in  which  the  advantages  of  such  institu- 
tions were  shown,  together  with  some  of  the  measures  which  have 
been  taken  in  other  countries  for  their  establishment  and  mainten- 
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ance.  At  the  date  of  that  report  scarcely  any  city  or  town  in  the 
State  had  made  hospital  provision  for  the  separate  treatment  of  this 
class  of  diseases.  But  the  continued  prevalence  of  infectious  dis- 
eases, together  with  the  rapid  increase  of  population,  and  of  its 
consequent  density  in  the  cities  and  large  towns  has  brought  the 
importance  of  the  subject  more  and  more  forcibly  to  the  local 
sanitary  authorities. 

In  order  to  ascertain  definitely  the  provision  already  existing  in 
the  State  for  hospital  treatment  of  this  class  of  diseases,  the  follow- 
ing circular  was  issued  :  — 

Office  of  the  State  Board  of  Health,  Boston,  Julj,  1900. 
Hospital  Provision  for  Those  who  are  sick  with  Infectious  Diseases. 

The  State  Board  of  Health  is  desirous  of  obtaining  information  as  to 
the  use  which  is  now  being  made  in  the  cities  and  large  towns  of  Massa- 
chusetts of  hospitals  established  for  the  special  purpose  of  isolation  and 
treatment  of  persons  sick  with  certain  infectious  diseases.  For  this  pur- 
pose a  reply  is  requested  to  the  inquiries  which  follow. 

Please  to  return  this  blank,  the  replies  being  made  in  the  spaces  after 
the  questions. 

1.  Is  there  at  present,  or  in  course  of  erection,  a  hospital  in  your  city 
or  town  for  the  isolation  and  treatment  of  infectious  diseases? 

2.  Is  such  hospital  maintained  by  means  of  public,  or  private  funds,  or 
both? 

3.  When  was  the  hospital  established? 

4.  What  diseases  have  been  treated  in  it? 

5.  What  number  of  cases  of  each  disease  were  treated  during  the  past 
year  in  the  isolation  hospital  ? 

6.  How  many  patients  will  the  hospital  accommodate? 

7.  Is  provision  made  for  the  treatment  of  different  infectious  diseases  in 
separate  wards  ? 

8.  What  was  the  (approximate)  cost  of  establishing  the  hospital? 
What  were  the  expenses  of  maintenance  in  1899? 

9.  How  is  the  hospital  situated  in  respect  to  the  population?  Is  it  in 
the  densely  settled  district,  or  in  a  more  remote  place,  apart  from  the 
houses  of  the  population  ? 

10.  Have  you  a  separate  hospital,  house  or  establishment  for  the  isola- 
tion and  treatment  of  persons  sick  with  small-pox  ? 

S.  W.  Abbott,  Secretary. 

To  the  Board  of  Health, ,  Mass. 

Replies  were  received  to  this  circular  from  the  33  cities  and  from 
the  town  of  Brookline  as  follows  :  — 
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From  this  table  it  appears  that  in  the  33  cities  of  Massachusetts 
and  in  the  town  of  Brookline  there  is  at  present  provision  for  the 
reception  of  persons  sick  with  infectious  diseases  (except  small-pox) 
in  11  of  these  places,  or  about  one-third  of  the  whole  number.  Nine 
of  these  were  in  cities  having  a  population  of  over  30,000  in  each. 
Four  of  these  hospitals  are  supported  by  public  funds,  three  by 
private  funds  and  three  by  both  sources. 

All  of  these  institutions  have  been  established  since  1890.  The 
principal  diseases  treated  in  them  are  diphtheria  and  scarlet  fever. 
In  a  few  instances  patients  ill  with  measles  and  other  infectious 
diseases  are  admitted. 

The  entire  number  of  patients  treated  in  them  in  1899  was  3,618, 
of  which  2,206  were  cases  of  diphtheria,  860  of  scarlet  fever,  329 
mixed  infections,  211  of  measles  and  12  of  other  diseases  (erysip- 
elas, whooping-cough  and  typhus  fever). 

There  is  provision  in  these  hospitals  for  404  beds.  All  have 
provision  for  the  treatment  of  diJfferent  diseases  in  separate  wards, 
and  in  five  cities  in  separate  buildings. 

The  cost  of  building  these  hospitals  was  $588,099.24,  and  the 
cost  of  maintenance  in  1899  was  $89,420.64. 

In  two  instances  the  hospitals  are  situated  in  densely  settled  dis- 
tricts, and  in  the  remainder  in  isolated,  or  comparatively  isolated, 
locations. 

In  22  cities,  or  two-thirds  of  the  whole  number,  provision  is 
made  in  some  sort  of  separate  structure  for  the  reception  of  persons 
suffering  with  small-pox. 

Thus  it  appears  that  twice  as  many  cities  have  provision  for  small- 
pox as  for  other  infectious  diseases,  and  yet  in  several  of  these  cities 
there  has  not  been  a  case  of  small-pox  for  more  than  twenty  years, 
while  cases  of  diphtheria  and  scarlet  fever  occur  every  year  in 
greater  or  less  numbers. 

The  occurrence  of  a  case  of  infectious  disease  often  brings  hard- 
ship and  expense  upon  the  family,  and  the  patient  becomes  a  menace 
to  those  around  him.  The  rigid  rules  of  quarantine  often  entail  se- 
rious loss  to  the  family,  both  of  wages  and  of  the  education  of  the 
children.  For  these  evils  the  isolation  hospital  provides  a  remedy, 
in  the  isolation  of  the  patient  where  he  will  have  better  care  and 
will  not  endanger  the  lives  of  others.  The  pecuniary  saving  to  the 
community  in  the  wages  and  education  fully  offset  the  cost  of  main- 
tenance. 
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Each  city  in  the  State,  or  at  least  those  which  have  a  population 
of  more  than  20,000  in  each,  should  make  some  adequate  provision 
for  this  class  of  patients. 

In  three  of  the  larger  cities  of  the  State  in  which  no  public  pro- 
vision has  yet  been  made  for  this  class  of  diseases,  the  Board  of 
Health  has  officiall}^  addressed  the  mayors  under  the  provisions  of 
chapter  511  of  the  Acts  of  1894,  stating  the  opinion  of  the  Board 
that  such  provision  is  necessary  for  the  safety  of  the  inhabitants ; 
but  thus  far  the  city  government  has  neglected  to  order  the  erection 
of  such  hospitals.  The  act  to  which  reference  is  here  made  reads 
as  follows  :  — 

[Acts  of  1894,  Chapter  511.] 

Section  1.  In  any  city  in  which  no  suitable  hospital  accommodations 
have  been  provided  for  the  care  and  treatment  of  persons  suffering  from 
contagious  diseases  dangerous  to  the  public  health,  the  board  of  health 
of  such  city  may  address  a  communication  to  the  mayor  thereof,  stating 
that  in  the  opinion  of  said  board  the  safety  of  the  inhabitants  of  the  city 
demands  that  suitable  hospitable  accommodations  should  be  provided  for 
the  reception  and  treatment  of  persons  suffering  from  such  diseases,  other 
than  small-pox  and  those  of  a  venereal  nature.  The  mayor  shall  forthwith 
transmit  such  communication  to  the  city  council,  and  the  city  council  shall 
forthwith  order  such  hospital  accommodations  to  be  provided,  and  shall 
make  the  necessary  appropriations  therefor. 

Section  2,  Every  city  in  which  hospital  accommodations  have  been 
provided  in  accordance  with  the  provisions  of  this  act  shall  make  an  annual 
appropriation  for  the  maintenance  of  such  hospital  accommodations,  and 
said  appropriation  shall  be  expended  under  the  direction  of  the  board  of 
health,  unless  otherwise  ordered  by  the  city  government. 

Lead  Poisoning. 

The  subject  of  lead  poisoning  has  attracted  special  attention  in 
Massachusetts  during  the  past  few  years  in  consequence  of  the  oc- 
currence of  an  unusual  number  of  cases  from  this  cause  in  different 
cities  and  towns.  It  was  therefore  deemed  proper  to  test  the  effect 
of  the  public  water  supplies  of  different  cities  and  towns  upon  lead 
pipes,  and  in  cases  where  it  had  a  decided  solvent  action,  to  visit 
such  places  and  ascertain  whether  cases  of  lead  poisoning  had  oc- 
curred in  them. 

With  this  subject  in  view  Dr.  Morse,  inspector  of  the  Board, 
visited  such  cities  and  towns  in  1899  and  has  presented  the  follow- 
ing report.  The  majority  of  the  cases,  including  two  deaths,  oc- 
curred in  1898  and  1899. 
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During  the  early  part  of  1899  it  became  apparent  to  the  Board  that  cases 
of  lead  poisoning  might  exist  in  certain  cities  and  towns  in  the  State  where 
experimentally  it  was  shown  that  the  public  water,  supplied  to  the  people, 
had  a  solvent  effect  upon  lead  in  its  passage  through  lead  or  lead-lined 
pipes.  With  this  indication  at  hand,  a  list  of  cities  and  towns  was  ob- 
tained from  the  chemist  of  the  Board  where  such  conditions  existed,  and 
visits  were  made  to  19  of  them  and  many  of  the  practising  physicians  inter- 
viewed relating  to  the  presence  of  such  cases,  with  the  following  results  :  — 

Ghicopee. 

At  Chicopee  Centre  four  physicians  were  interviewed,  three  of  whom  had 
seen  no  cases  of  the  disease  present.  The  fourth  had  three  cases  in  one 
family  twelve  years  ago,  but  a  private  water  supply  was  used  and  the  water 
brought  to  the  house  through  a  lead  pipe  for  a  long  distance. 

At  Chicopee  Falls  three  physicians  were  interviewed,  two  of  whom  had 
had  no  cases.  The  third  reported  one  case  five  years  ago  in  a  female 
aged  fifty,  which  was  a  well-marked  case,  and  was  undoubtedly  contracted 
from  the  water  supplied  by  the  corporation  to  their  houses  through  lead 
pipes.  Since  the  new  supply  has  been  introduced  no  cases  have  been  ob- 
served. 

Palmer. 

At  this  town  two  physicians  wei-e  interviewed,  one  of  whom  had  no  cases. 
The  other  one  had  two  cases  three  years  ago,  in  which  the  water  supply  for 
the  house  was  obtained  from  a  spring  some  distance  away  and  brought  to 
the  house  through  a  lead  pipe. 

Springfield. 
Eleven  physicians  were  interviewed,  two  of   whom  had  cases  of  lead 
poisoning   to  report,  but   both  of    the  cases  were  from  a  private  spring 
water  supply,  which  was  brought  to  the  houses  through  a  lead  pipe.     No 
cases  were  traced  to  the  use  of  the  public  water  supply. 

MUlbnry. 
Two  physicians  were  interviewed,  one  of  whom  had  two  cases  of  the  dis- 
ease.    One  was  a  painter  and  the  other  came  to  Millbury  ill  with  the  disease. 

Milford. 
Nine  physicians  were  visited,  five  of  whom  reported  sixteen  cases  of  the 
disease  present  in  Milford  and  Hopedale,  both  towns  receiving  the  same 
water  supply.  In  addition,  six  other  cases  were  reported,  three  of  whom 
used  a  private  supply  coming  from  Bear's  Hill  through  a  lead  pipe.  A 
sample  of  this  water  taken  at  the  house  and  analyzed  for  lead  showed  .2210 
grain  per  gallon  present,  an  amount  considered  to  be  six  times  greater  than 
what  has  been  known  to  produce  serious  symptoms  of  lead  poisoning.     An- 
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other  case,  also  using  well  water  which  was  pumped  to  the  house,  was  re- 
ported and  the  analysis  of  the  water  showed  .1700  grain  per  gallon.  A 
third  under  the  same  conditions  showed  .0238  grain  per  gallon,  but  in  this 
case  the  lead  pipe  had  been  removed  six  months  previously  by  the  advice  of 
the  doctor  and  only  a  short  piece  of  lead  pipe  remained  in  the  house.  An- 
other case  at  Spindleville,  a  suburb  of  Hopedale,  was  not  investigated. 
Samples  of  water  were  also  taken  at  eleven  houses  where  cases  were  reported 
as  using  the  public  supply,  with  the  following  results  :  — 


Grain  per  gallon,       .        .        .  .  1020 

Grain  per  gallon,       .        .        .  .1530 

Grain  per  gallon,       .         .        .  .0680 

Grain  per  gallon,       .        .         .  .1190 
Lead  pipe  removed  by  advice  of 

physician  one  year  ago,  .  .0102 


Grain  per  gallon, 

.     .0306 

Grain  per  gallon, 

.     .0136 

Grain  per  gallon, 

.     .0850 

Grain  per  gallon. 

.     .1190 

Grain  per  gallon. 

.     .0171 

Grain  per  gallon, 

.     .0255 

The  samples  taken  were  obtained  from  the  faucets  in  the  houses,  as  the 
water  was  in  ordinary  daily  use.  Most  of  the  cases  were  rather  of  a  milder 
character  than  were  present  in  other  places,  which  fact  was  undoubtedly  due 
to  the  warning  which  this  Board  gave  the  Milford  board  of  health  in  Janu- 
ary, 1897,  when  cases  of  lead  poisoning  were  found  there,  and  as  a  result 
of  which  both  physicians  and  inhabitants  were  on  the  lookout  for  the  disease, 
and  once  it  appeared,  suitable  treatment  was  commenced  to  control  it. 

New  Bedford. 
Fourteen  physicians  were  interviewed  in  this  city  and  no  evidence  of  any 
case  of  lead  poisoning  could  be  obtained. 

West  Brookfield. 
No  cases  present. 

North  BrooTcjield. 
One  physician  reported  two  cases  appearing  in  the  past  two  years  in  which 
the  water  supply  was  obtained  from  a  well  and  brought  to  the  house  through 
a  lead  pipe.     Three  others  had  seen  no  cases  whatsoever. 


No  cases  present. 
No  cases  present. 


East  Brookjlekl  and  Brookfield. 


Lawrence. 


Ashburnham. 
Three  physicians  reported  thirteen  cases  among  the  inhabitants  of  the 
town,  but  in  all  of  the  cases  a  private  water  supply  was  used  and  the  water 
brought  to  the  houses  through  lead  pipes.     No  cases  appeared  among  those 
using  the  public  supply. 


xxxiv  STATE   BOARD   OF  HEALTH.  [Jan. 

South  Hadley  Falls. 
No  cases  were  reported  in  this  town. 

Stoughton. 
One  case  was  reported  in  this  town,  but  the  patient  used  a  well  water 
which  was  brought  to  the  house  through  a  lead  pipe. 

North  Easton. 
Two  cases  were  reported,  both  using  well  water. 

Kingston. 
On  account  of  the  existence  of  cases  here  in  previous  years  a  visit  was 
made  to  learn  of  any  new  cases.  It  was  found  that  none  had  appeared 
during  the  past  year  and  all  of  the  old  ones  had  shown  improvement  under 
treatment.  In  addition,  about  200  feet  of  a  lead  pipe  main  had  been  re- 
moved and  replaced  by  an  iron  pipe  in  order  to  further  protect  the  inhabi- 
tants from  the  disease. 

Fairhaven. 

A  number  of  cases  of  the  disease  had  formerly  appeared  here,  and  in 
May,  1897,  this  Board  notified  the  board  of  health  of  Fairhaven  of  the 
danger  in  using  their  public  water  supply  after  having  passed  through  lead 
pipes.  It  was  found  upon  investigation  that  no  new  cases  had  developed 
during  the  past  year  and  many  of  the  old  ones  had  recovered.  It  was  the 
custom  of  the  people  to  let  the  water  run  for  some  time  before  using  it  and 
therefore  lessen  the  danger  of  contracting  the  disease. 

Bockland. 
No  cases  reported. 

Norwood. 
No  cases  reported. 

Lowell. 

By  far  the  greater  amount  of  work  was  performed  at  Lowell,  where  it 
was  evident  that  many  cases  of  the  disease  existed.  During  May,  1899, 
a  visit  was  made  to  twenty-five  of  the  practising  physicians  of  the  city, 
seven  of  whom  reported  forty  cases  of  the  disease  present,  occurring  in 
their  practice.  Twelve  of  these  cases  were  considered  of  a  very  serious 
nature,  and  visits  were  made  at  their  homes,  their  conditions  investigated, 
and  a  more  detailed  report  of  each  case  is  appended.  The  situation  ap- 
parently becoming  serious,  a  communication  was  sent  to  the  mayor  of  the 
city  of  Lowell  on  June  29,  advising  him  of  the  existing  danger  and  recom 
mending  that  measures  be  taken  to  prevent  the  further  development  of  the 
disease.  It  was  stated  in  the  communication  that  the  investigation  was 
not  yet  complete,  and  during  September,  as  the  local  authorities  had  done 
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little  or  nothing  to  remedy  the  existing  condition,  a  second  canvass  was 
made,  at  which  time  about  one-fourth  of  the  total  number  of  physicians 
were  interviewed,  twelve  of  whom  reported  the  disease  present  in  their 
practice.  From  these  physicians  thirty-three  new  cases  were  obtained, 
and  most  of  them  were  visited  at  their  homes,  and  a  detailed  description 
of  the  cases  follows.  In  addition  to  these  cases,  which  are  considered  as 
the  severer  type  of  the  disease,  many  others,  somewhat  milder  in  char- 
acter, were  reported,  which  were  successfully  treated  with  appropriate 
remedies,  and  also  by  discontinuing  the  use  of  the  city  water. 

Case  No.  1.  Female  adult.  Married.  Case  one  year  standing.  Symp- 
toms: wristdrop;  multiple  neuritis;  lead  line  on  gums;  lead  present  in 
urine.     Analysis  of  drinking  water  shows  .0850  grain  of  lead  per  gallon. 

Case  No.  2.  Female  adult.  Married.  Symptoms  for  past  two  and  one- 
half  years.  Symptoms :  abdominal  colic ;  loss  of  power  in  hands  and 
arms  and  did  not  dare  to  drive  a  horse  on  account  of  weakness.  Under 
treatment,  improvement  in  symptoms ;  and  upon  leaving  home  at  various 
times  complete  recovery,  followed  by  a  recurrence  on  her  return.  Lead 
present  in  urine.  Analysis  of  drinking  water  shows  .2333  grain  of  lead 
per  gallon.' 

Case  No.  3.  Male  adult.  Married.  Policeman.  Symptoms:  abdomi- 
nal colic ;  lassitude  ;  headache ;  constipation,  and  loss  of  strength.  Under 
treatment,  and  with  a  change  in  drinking  water,  marked  improvement  in 
condition.  Lead  present  in  urine.  Analysis  of  drinking  water  at  home 
shows  .1530  grain  per  gallon.  At  police  station  .1445  grain  per  gallon 
when  water  remained  in  pipes  five  hours  and  .0425  grain  per  gallon  after 
being  drawn  off. 

Case  No.  4.     Another  policeman,  with  same  symptoms. 

Case  No.  5.  Female  adult.  Married.  Symptoms  of  constipation  and 
abdominal  colic  ;  also  considerable  neuralgia  all  over  body.  Lead  in  urine. 
Analysis  of  drinking  water  shows  .0083  grain  of  lead  per  gallon. 

Case  No.  6.  Male  adult.  Unable  to  work  at  present  time.  Marked 
debility,  with  considerable  loss  of  weight  and  strength,  and  is  only  able  to 
get  about  by  the  use  of  a  cane.  Lead  in  urine.  Analysis  of  drinking  water 
shows  .7653  grain  of  lead  per  gallon. 

Case  No.  7.  Female  adult.  Married.  Symptoms  of  colic  and  constipa- 
tion. Lead  present  in  urine.  Analysis  of  drinking  water  shows  .1530 
grain  of  lead  per  gallon. 

Case  No.  8.  Male  adult.  Worked  in  cotton  mill  until  necessary  to  give 
up  work  on  account  of  ill  health.  Loss  of  weight  and  strength,  particularly 
in  upper  extremities,  with  wrist  drop.  Lead  in  urine.  Analysis  of  drink- 
ing water  shows  .0153  grain  of  lead  per  gallon. 

Case  No.  9.  Male  adult.  Pattern  maker,  Marked  abdominal  colic, 
with  loss  of  weight  and  strength.  Went  away  from  home  for  one  week, 
with  some  improvement  in  health,  and  upon  returning  to  Lowell  had  an 
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attack  of  colic  in  two  days.  Previous  to  treatment  had  an  attack  almost 
every  night.  Lead  in  urine.  Analysis  of  drinking  water  shows  .0267 
grain  per  gallon. 

Case  No.  10.  Male  adult.  Symptoms  date  back  two  years,  appearing 
three  weeks  after  moving  into  present  house,  which  had  just  been  built 
and  was  plumbed  with  lead  pipe.  Patient  helpless  in  bed  and  is  unable  to 
get  up  without  assistance.  Marked  emaciation  of  body  and  loss  of  strength 
in  hands  and  arms.  Suspicious  lead  line  on  left  side  of  lower  jaw.  Con- 
stipation ;  colic ;  headache,  and  a  sweetish  metallic  taste  in  mouth,  espe- 
cially in  the  morning.  Analysis  of  drinking  water  shows  .1067  grain  of 
lead  per  gallon.  Analysis  of  urine  shows  no  lead  present,  but  after  taking 
ten  grains  of  potassium  iodide  three  times  a  day  for  ten  days  it  contained 
.0183  grain  of  lead  per  gallon. 

Cases  No.  11  and  12.  Both  adult  females.  First,  with  symptoms  of 
debility,  colic  and  constipation,  and  helplessness  in  bed.  Lead  pipes  in- 
troduced into  houses  two  years  ago,  since  which  time  symptoms  have  de- 
veloped. Second  case  was  the  nurse  who  came  to  take  care  of  first  patient. 
Shortly  after  coming  to  the  house  she  had  several  attacks  of  intestinal  colic, ' 
each  one  increasing  in  severity.  At  the  end  of  five  weeks  she  stopped 
drinking  city  water  and  has  had  only  one  attack  since.  Both  have  improved 
since  then  and  first  case  is  able  to  be  up  and  around.  Analysis  of  drinking 
water  shows  .2166  grain  of  lead  per  gallon  after  standing  in  pipes  eleven 
hours  and  .0600  grain  in  ordinary  daily  use. 

Case  No.  13.  Female  adult.  Symptoms  for  past  four  years  of  pains 
all  over  the  body,  with  constipation,  pain  in  the  back  and  complete  loss  of 
power  in  both  legs.  Patient  cannot  walk  and  gets  about  with  a  wheel 
chair.  Lead  in  urine.  Analysis  of  drinking  water  shows  .0067  grain  of 
lead  per  gallon. 

Case  No.  14.  Female  adult.  Patient  is  a  marked  invalid.  Fingers 
contracted  on  hands  and  hands  on  arms.  Great  headache,  constipation 
and  abdominal  colic,  and  is  unable  to  get  about  except  with  assistance. 
Patient  died  suddenly  in  June  from  a  cerebral  hemorrhage.  Analysis  of 
drinking  water  shows  .2891  grain  of  lead  per  gallon. 

Case  No.  15.  Male  adult.  Symptoms  of  loss  of  weight  and  strength 
and  marked  wrist  drop  present.  Lead  in  urine.  Analysis  of  drinking 
water  shows  .2210  grain  of  lead  per  gallon. 

Case  No.  16.  Female  adult.  Symptoms  appeared  about  one  year  ago, 
vrith  wrist  drop,  blue  line  on  gums,  constipation  and  headache.  Analysis 
of  drinking  water  shows  .2721  grain  of  lead  per  gallon. 

Case  No.  17.  Female  adult.  Symptoms  for  past  two  years,  with  wrist 
drop,  loss  of  power  in  arms  and  legs ;  colic,  constipation  and  headache. 
Died  soon  after  being  seen.  Analysis  of  drinking  water  shows  1.1903 
grains  of  lead  per  gallon. 

Case  No.  18.     Boy,  two  years  of  age.     Symptoms  of  paralysis  of  lower 
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extremities  ;  wrist  drop  and  general  debility.  Recovered  under  treatment 
and  change  of  residence.  Analysis  of  drinking  water  shows  .0306  grain  of 
lead  per  gallon. 

Case  No.  19.  Female  adult.  Symptoms  of  multiple  neuritis,  with 
marked  lead  line  on  gums  and  wrist  drop.  Upon  the  advice  of  her  physi- 
cian the  patient  left  Lowell,  went  to  a  suburban  town,  and  has  completely 
recovered  from  the  disease.  Analysis  of  drinking  water  shows  .1162  grain 
of  lead  per  gallon. 

Case  No.  20.  Female  adult.  Symptoms  of  loss  of  strength  in  upper 
extremities,  with  suspicion  of  a  wrist  drop.  Analysis  of  drinking  water 
shows  .0083  grain  of  lead  per  gallon. 

Case  No.  21.  Male  adult.  Symptoms  of  loss  of  strength,  headache  and 
constipation  ;  marked  lead  line  on  gums  and  wrist  drop.  Under  treatment 
and  with  a  change  of  drinking  water  there  was  marked  improvement. 
Other  members  of  the  family  were  mildly  affected.  The  house  was  a  new 
one  and  plumbed  with  lead  pipe. 

Cases  Nos.  22  and  23.  Female  adults.  Symptoms  of  constipation, 
headache  and  pains  all  over  the  body.  Under  treatment  and  discontinuing 
the  city  water  complete  recovery  occurred.  Analysis  of  drinking  water 
shows  .0467  grain  of  lead  per  gallon. 

Case  No.  24.  Female  adult.  Symptoms  for  past  four  years,  when  pains 
appeared  in  left  side  and  gradually  extended  over  whole  body.  Marked 
emaciation,  joints  thickened,  and  on  account  of  trouble  in  left  hip  she  is 
unable  to  come  down  stairs  only  one  step  at  a  time.  Has  been  a  confirmed 
invalid  for  past  two  years.  Analysis  of  drinking  water  shows  .1351  grain 
of  lead  per  gallon. 

Case  No.  25.  Female  adult.  Symptoms  similar  to  rheumatism  in  hands 
and  knees,  and  at  one  time  could  not  walk  about  the  house  on  account  of 
trouble  in  knees.  Better  under  treatment.  Analysis  of  drinking  water 
shows  .2533  grain  of  lead  per  gallon. 

Case  No.  26.  Male  adult.  Symptoms  of  colic,  constipation  and  head- 
ache ;  marked  lead  line  on  gums.  Had  lead  pipe  removed  from  house,  and 
under  treatment  has  improved.  Analysis  of  drinking  water  through  lead 
pipe  shows  .2700  grain  of  lead  per  gallon. 

Case  No.  27.  Male  adult.  Symptoms  of  intestinal  colic,  with  consti- 
pation. Marked  improvement  under  treatment.  Analysis  of  drinking 
water  shows  .1950  grain  of  lead  per  gallon. 

Case  No.  28.  Female  adult.  Symptoms  of  constipation  and  colic,  with 
marked  improvement  with  iodide  of  potash.  Analysis  of  drinking  water 
shows  .0309  grain  of  lead  per  gallon.     Lead  also  present  in  urine. 

Cases  Nos.  28  and  29.  Female  adult.  Symptoms  of  headache,  consti- 
pation and  colic  ;  marked  wrist  drop,  with  loss  of  power  in  legs,  and  typical 
blue  line  on  gums.  Was  in  bed  three  months,  but  is  better  now  under  suit- 
able treatment. 
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Father  also  had  intestinal  colic  and  constipation.  Both  stopped  using 
city  water,  with  marked  improvement.  Analysis  of  drinking  water  shows 
.2667  grain  of  lead  per  gallon. 

Case  No.  30.  Female  adult.  Abdominal  symptoms  for  six  months, 
with  colic  and  constipation.  Under  proper  treatment  immediate  improve- 
ment resulted.  Analysis  of  drinking  water  shows  .0333  grain  of  lead  per 
gallon. 

Case  No.  31.  Female  adult.  Characteristic  case,  with  a  typical  wrist 
drop.  Moved  from  Lowell  to  North  Billerica,  with  complete  recovery  fol- 
lowing. 

Case  No.  32.  Female  adult.  Marked  abdominal  colic,  with  typical  wrist 
drop.     Analysis  of  drinking  water  shows  .1866  grain  of  lead  per  gallon. 

Cases  Nos.  33  to  37.  Five  cases  in  one  family,  with  marked  intestinal 
colic.     Analysis  of  drinking  water  shows  .0133  grain  of  lead  per  gallon. 

Case  No.  38.  School  girl,  with  symptoms  of  abdominal  colic.  Analysis 
of  drinking  water  shows  .0075  grain  of  lead  per  gallon. 

Case  No.  39.  Female  adult.  Marked  intestinal  colic.  Analysis  of 
drinking  water  shows  .0856  grain  of  lead  per  gallon. 

Case  No.  40.     Female  adult.     Symptoms  for  past  two  years  of  marked 
neuritis,    involving   arms   and   chest ;    some   headache   and   constipation 
Analysis  of  drinking  water  shows  .0417  grain  of  lead  per  gallon. 

Case  No.  41.     Male  adult.     Symptoms  of  past  three  years  becoming 
aggravated  in  the  last  two  years,  referable  to  loss  of  power  in  lower  ex 
tremities.     Improves  upon  leaving  Lowell  for  a  time,  followed  by  a  reap- 
pearance of  symptoms  upon  his  return.     Analysis  of  drinking  water  shows 
.0075  grain  of  lead  per  gallon. 

Case  No.  42.  Male  adult.  Almost  complete  paralysis  of  legs.  Is  un- 
able to  get  around  except  by  crutches.  Analysis  of  drinking  water  shows 
.0019  grain  of  lead  per  gallon. 

Case  No.  43.  Male  adult.  Loss  of  strength  and  weight  in  past  year, 
and  legs  partially  paralyzed.  Analysis  of  drinking  water  shows  .0136 
grain  of  lead  per  gallon. 

Case  No.  44.  Female  adult.  Marked  abdominal  colic,  constipation 
loss  of  strength  and  cephalalgia.  Analysis  of  drinking  water  shows  .0031 
grain  of  lead  per  gallon. 

Case  No.  45.  Female  adult.  Symptoms  of  marked  loss  of  strength  ii 
legs.  Lead  pipes  have  been  removed  from  house  and  iron  ones  substituted 
Analysis  of  water  shows  no  lead  present. 

Case  No.  46.  Female  adult.  Symptoms  of  weakness  of  wrists  and  legs 
with  pains  all  over  the  body  ;  headache  and  constipation  present.  Lead  ii 
urine.     Analysis  of  drinking  water  shows  .0019  grain  of  lead  per  gallon. 

Case  No.  47.     Male  adult.     Marked  cephalalgia   and    general   loss  o 
strength.     Lead  present  in  urine.     Analysis  of  drinking  water  shows  .01 
grain  of  lead  per  gallon. 
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Case  No.  48.  Male  adult.  Continuous  loss  of  weight  and  strength  for 
past  year,  with  constipation  and  colic.  Analysis  of  drinking  water  shows 
.0078  grain  of  lead  per  gallon. 

Case  No.  49.  Male  adult.  Symptoms  of  constipation  and  colic  in  past 
nine  months,  with  some  loss  of  weight  and  strength.  Analysis  of  drinking 
water  shows  .0029  gi-ain  of  lead  per  gallon. 

Case  No.  50.  Marked  symptoms  of  colic  and  constipation,  with  some 
headache.  Moved  from  house,  with  considerable  improvement  in  symp- 
toms.    Analysis  of  drinking  water  shows  .0097  grain  of  lead  per  gallon. 

The  last  few  cases  are  included  in  this  report  in  order  to  complete  it  to 
June  1,  1900,  when  the  last  work  was  accomplished.  It  will  be  noticed 
that  the  results  of  the  analyses  of  the  water  for  lead  show  a  decided  dimi- 
nution in  these  cases  and  the  symptoms  present  were  also  less  severe  in 
character.     This  can  be  accounted  for  by  the  following  explanation  :  — 

The  water  supply  for  the  city  of  Lowell  is  obtained  from  two  systems  of 
driven  wells,  —  the  Boulevard  system,  located  to  the  west  of  the  city  and 
adjacent  to  the  Merrimac  River,  and  the  Cook  system,  located  to  the 
south  of  the  city  and  adjoining  River  Meadow  Brook,  a  tributary  of  the 
Concord  River.  From  the  chemical  analyses  of  the  two  waters  it  is  ap- 
parent that  the  solvent  properties  of  the  water  drawn  from  the  Cook  system 
are  much  in  excess  of  the  water  obtained  from  the  Boulevard  supply,  when 
they  come  in  contact  with  lead  pipe.  With  this  knowledge  the  water  board 
of  the  city  were  advised  to  use  the  Boulevard  supply  to  its  full  capacity 
and  the  Cook  system  as  little  as  possible,  with  the  result  that  probably 
four-fifths  of  the  entire  population  of  the  city  were  supplied  with  Boulevard 
water,  and  with  this  arrangement  the  health  of  the  city  has  considerably 
improved  in  this  particular  respect.  In  addition,  the  water  board  are  also 
having  driven  another  set  of  wells  in  the  Boulevard  district,  which  will  be 
connected  to  the  general  supply  as  soon  as  completed,  which  supply,  it  is 
expected  will  be  sufficient  for  the  whole  city. 

F.  L.  Morse,  M.D., 

Medical  Bisioector. 

The  Increase  of  Cancer. 

In  the  twenty-seventh  annual  report  of  the  Board  for  1896  it  was 
shown  that  the  number  of  deaths  registered  as  from  cancer  had  very 
largely  increased  since  the  beginning  of  registration.*  Tlie  death- 
rate  from  this  cause  for  the  five-year  period,  1856-60,  was  2.3  per 
10,000  living,  and  that  of  the  five-year  period,  1891-95,  was  6.4 
per  10,000,  or  nearly  three  times  as  great. 

It  was  further  stated  in  the  report  of  1896  that,  if  the  deaths  from 
cancer  in  which  the  location  of  the  disease  is  not  specified  be  con- 

*  Report  of  1896,  p.  802. 
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sidered  separately,  the  increase  in  the  death-rate  of  this  class  is  not 
very  great.     The  report  further  states  :  — 

It  is  plain  that  the  increase  in  the  death-rate  from  cancer  is  partially  due 
to  more  accurate  methods  of  diagnosis.  For  example,  the  deaths  from  can- 
cer in  1876  were  659,  of  which  565  were  from  cancer  (part  not  stated), 
92  from  cancer  of  the  stomach  and  2  from  epithelioma ;  while  in  1895  the 
deaths  from  cancer  were  1,749,  which  were  specified  as  903  from  cancer 
(part  not  stated),  201  from  cancer  of  the  liver,  1  from  cancer  of  the  pan- 
creas, 305  from  cancer  of  the  stomach,  193  of  the  uterus,  108  of  the  breast, 
19  of  the  kidneys,  2  of  the  bowels,  2  of  the  spleen  and  14  from  epithelioma. 

The  increase  in  the  deaths  registered  as  cancer  simply,  without  stating 
its  location,  during  the  twenty  years,  1876-95,  was  only  from  3.4  to  3.6 
per  10,000  of  the  population,  while  the  increase  in  the  deaths  from  cancer 
in  which  the  part  or  organ  affected  was  stated  was  nearly  six-fold,  or  from 
.56  to  3.4  per  10,000  living.  It  is  needless  to  add  that  the  changes  due  to 
improved  diagnosis  would  naturally  become  manifest  mainly  in  this  latter 
class,  although  a  transfer  of  some  deaths  from  the  indefinite  to  the  definite 
class  might  also  occur. 

Sex.  —  The  following  table  shows  the  death-rates  of  the  two  sexes  from 
cancer  for  the  two  twenty-year  periods. 

The  deaths  of  males  in  the  first  period  were  2,627  and  of  females  5,592, 
and  the  death-rates  2.02  and  4.00  per  10,000  ;  and  in  the  latter  period  the 
deaths  were  respectively  7,256  and  15,665,  and  the  death-rates  3.70  and 
7.47. 


Death-rates  from  Cancer  per 

10,000  Living,  Massachusetts, 

1856-95. 

Males. 

Females, 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

1856,      . 

1.29 

2.45 

1866,    . 

1.75 

4.60 

1876,    . 

2.63 

5.23 

1886 

3.47 

7.43 

1857,      . 

1.37 

2.89 

1867,    . 

2.12 

3.70 

1877,    . 

2.15 

5.32 

•1887 

3.60 

7.68 

1858,      . 

1.70 

3.12 

1868,    . 

2.21 

4.17 

1878,    . 

3.12 

6.10 

1888 

4.02 

7.91 

1859,      . 

1.69 

3.32 

1869,    . 

2.14 

4.71 

1879,    . 

3.25 

6.45 

1889 

3.92 

8.13 

1860,      . 

1.74 

3.64 

1870,    . 

2.61 

4.41 

1880,    . 

3.56 

6.73 

1890 

3.81 

8.45 

1861,      . 

1.67 

3.69 

1871,    . 

2.30 

4.98 

1881,    . 

3.85 

6.47 

1891 

3.93 

8.14 

1862,      . 

1.72 

3.34 

1872,    . 

2.46 

4.54 

1882,    . 

3.41 

7.16 

1892 

4.10 

7.78 

1863,      . 

1.78 

3.33 

1873,    . 

2.62 

5.07 

1883,    . 

3.60 

7.19 

1893 

4.32 

8.38 

1864,      . 

1.86 

3.31 

1874,    . 

2.45 

4.73 

1884,    . 

3.83 

7.15 

894 

4.37 

8.34 

1865,      . 

2.06 

3.83 

1875,    . 

2.18 

4.90 

1885,    . 

3.56 

6.91 

1895 

4.40 

9.44 

In  view  of  these  facts,  the  Board  has  deemed  it  advisable  that  an 
investiofation  should  be  made  with  reference  to  the  causes  and  con- 
ditions  prevailing  throughout  the  State  in  connection  with  the  ex- 
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istence  of  cancer  among  the  population,  and  has  entrusted  the  matter 

to  competent  physicians,  who  will  report  upon  it  in  a  future  report 

of  the  Board. 

Food  and  Drug  Inspection. 

The  details  of  this  important  part  of  the  work  of  the  Board  may 
be  found  in  the  special  report  upon  the  subject.  With  the  excep- 
tion of  a  small  portion  of  the  work  conducted  at  Amherst  and  at 
Lowell,  the  examination  of  articles  of  food  and  of  drugs  is  carried 
on  at  the  laboratory  of  the  Board  at  Room  501,  State  House. 
This  laboratory  is  open  each  week  day  for  the  reception  of  samples 
which  are  brought  in  by  the  inspectors  or  which  may  be  deposited 
with  the  secretary  for  examination. 

The  total  number  of  samples  examined  during  the  year  ended 
Sept.  30,  1899,  was  9,802,  and  the  total  number  examined  since 
the  beginning  of  work  in  1883  was  107,392. 

The  expense  of  collection  and  analysis  has  been  reduced  from 
$2.26  per  sample  in  1883  to  $1.15  in  1899. 

The  number  of  prosecutions  of  offenders  in  1899  was  47,  of 
which  number  45  resulted  in  conviction. 

The  present  report  contains  a  comparative  statement  with  refer- 
ence to  the  percentage  of  adulteration  found  in  different  classes  of 
food  in  the  early  and  the  later  periods  of  the  work  of  the  Board  in 
this  direction.  In  nearly  every  instance  it  appears  that  marked 
improvement  has  taken  place  since  the  food  and  drug  laws  were 
first  enacted  and  have  been  regularly  and  systematically  enforced. 

The  statement  made  in  previous  reports,  to  the  effect  that  the 
amount  expended  in  the  enforcement  of  the  food  and  drug  statutes 
is  counterbalanced  many  times  over  by  the  gain  to  the  consumer, 
is  fully  substantiated  by  the  figures  shown  in  the  table  on  page  581. 

Considerable  new  matter  relative  to  methods  of  analysis  of  special 
articles  of  food  appears  in  the  analyst's  report. 

The  Paris  Exposition  of  1900. 

Early  in  the  year  the  Board  was  invited  to  contribute  an  exhibit 
to  the  Exposition  to  be  held  at  Paris  in  1900.  Later  in  the  season 
the  secretary  was  requested  by  the  director  of  the  Department  of 
Social  Economy,  Education  and  Hygiene  of  the  United  States  Com- 
mission to  undertake  the  following  projects  :  — 

1.  To  prepare  a  monograph  representing  the  progress  of  public 
hygiene  in  the  United  States. 
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2.  To  collect  an  exhibit  of  subjects  pertaining  to  public  health  in 
Massachusetts. 

3.  To  collect  a  similar  exhibit  for  the  United  States. 

The  amount  of  space  assigned  for  this  purpose  was  extremely 
limited,  being  much  less  than  that  which  was  assigned  to  Massachu- 
setts alone  at  the  Columbian  Exposition  of  1893.  On  this  account, 
with  slight  exceptions,  only  flat  material  and  books  could  be  ex- 
hibited, and  nearly  the  entire  space  was  devoted  to  the  display  of 
maps,  charts,  diagrams,  plans,  photographs  and  books.  In  the 
centre  of  the  exhibit  was  a  small  case  containing  a  display  of  the 
means  adopted  by  States  and  cities  for  affording  opportunity^  for  the 
examination  of  material  suspected  of  containing  the  germs  of  differ- 
ent infectious  diseases,  especially  diphtheria,  typhoid  and  malarial 
fever  and  tuberculosis. 

There  were  also  exhibits  of  antitoxin  and  vaccine  lymph  from  dif- 
ferent producers. 

The  exhibit  of  the  State  Board  of  Health  of  Massachusetts  con- 
sisted of  the  following  articles  :  — 

Catalogue  of  Massachusetts  Exhibit,  State  Board  of  Health. 

1  full  set  of  reports,  30  volumes. 
10  or  more  special  documents. 
40  wing  frame  cards  (vital  statistics). 

1  chlorine  map. 

1  map  illustrating  antitoxin  distribution. 

1  map  illustrating  distribution  of  appliances  for  diagnosis. 

8  maps  illustrating  disease  distribution. 
20  photographs  (sewage  disposal). 

5  photographs  (experiment  station  at  Lawrence  and  laboratories  at  State 
House). 

5  photographs  (other  laboratories) . 

7  photographs  (food  laboratory  at  State  House). 

5  small  photographs  of  fraudulent  labels. 
32  small  photographs  of  spices  and  adulterants. 

1  set  of  appliances  for  diagnosis. 

1  set  antitoxin  samples. 

A  few  copies  of  Dr.  Councilman's  report  on  cerebro-spinal  meningitis 
and  other  pamphlets  were  sent  for  distribution. 

The  following  sanitary  and  other  authorities  in  Massachusetts  also 
contributed  to  the  exhibit :  — 
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City  of  Boston:  Board  of  Health,  17  annual  reports,  23  photographs,  a 
set  of  appliances  for  diagnosis,  1  set  of  circulars  of  Board  ;  Street  Depart- 
ment, 13  photographs  ;  Bath  Department,  40  photographs  ;  trustees  of  City 
Hospital,  hospital  for  infectious  diseases,  2  photographs. 

City  of  Worcester:  Board  of  Health,  10  photographs,  set  of  annual 
reports. 

Trustees  of  Cambridge  Hospital :  1  photograph  of  hospital  for  infec- 
tious diseases  ;  Board  of  Health,  annual  reports. 

Town  of  Brookline  :  Bath  House  Committee,  11  photographs;  Board  of 
Health,  2  photographs ;  set  of  appliances  for  diagnosis. 

Board  of  Registration  of  Physicians,  5  reports. 

Trustees  of  Massachusetts  Hospital  for  Consumptives,  6  photographs. 

Sharon  Sanitarium,  11  photographs. 

Consumptives'  Home,  Dorchester,  2  photographs. 

Free  Home  for  Consumptives,  Quincy  Street,  Boston,  1  photograph. 

Massachusetts  Crematory,  Boston,  2  photographs. 

Journal  of  Massachusetts  Association  of  Boards  of  Health,  4  bound 
volumes. 

Five  bound  volumes  American  Kitchen  Magazine. 

The  foregoing  exhibit  was  prepared  and  forwarded  to  Paris,  Feb. 
16,  1900.  A  letter  has  been  received  by  the  secretary,  dated  at 
Paris,  Aug.  4,  1900,  from  Mr.  H.  J.  Rogers,  Director  of  the  De- 
partment of  Education  and  Social  Economy,  in  which  the  exhibit  of 
hygiene  was  placed,  saying:  "Your  exhibit  is  attracting  a  great 
deal  of  favorable  comment.  It  will  please  you  to  know  that  the 
exhibit  as  a  whole  has  received  a  '  Grand  Prix.' " 

The  contribution  from  the  State  Board  of  Health  of  Massachusetts 
formed  an  important  and  instructive  part  of  this  exhibit. 

In  addition  to  the  foregoing  exhibit,  the  engineering  department 
of  the  Board  contributed,  to  a  separate  exhibit  in  the  Engineering 
Building,  60  photographs  illustrating  the  different  sewage-dipsosal 
plants  in  operation  in  Massachusetts  where  intermittent  filtration 
of  sewage  has  been  adopted. 

These  excellent  views  showed  the  general  features  of  the  filtration 
beds,  pumping  stations  and  other  essentials  of  the  plants  now  in  opera- 
tion, together  with  views  of  the  experiment  station  at  Lawrence. 

The  Pathological  Department  of  the  Board. 
A  most  notable  feature  in  the  progress  of  sanitary  work  during 
the  past  ten  years  has  been  the  growth  of  the  laboratory.     At  the 
present  time  many  of  the  State  boards  of  health,  as  well  as  the  local 
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boards  of  nearly  all  of  the  large  cities,  have  established  laboratories 
not  only  for  chemical  analysis  but  also  for  bacteriological  investiga- 
tion, experiment  and  observation  with  reference  to  the  natural  his- 
tory of  infectious  diseases.  The  laboratory  of  the  Board  for  such 
bacteriological  work  was  established  in  1894  at  the  Bussey  Institute 
at  Forest  Hills,  and  was  soon  afterward  placed  under  the  charge  of 
Dr.  Theobald  Smith,  who  has  directed  the  work  of  the  Board  in 
this  direction  since  that  time. 

The  different  lines  of  work  conducted  in  this  department  during 
the  year  1899  have  been  the  following :  — 

1.  The  production  of  antitoxin,  which  has  comprised  the  prepara-- 
tion  of  44,298  vials  of  antitoxin  during  the  year  ended  March  31, 
1900.* 

2.  The  examination  of  3,258  cultures  of  matter  suspected  of  con- 
taining the  germs  of  diphtheria. 

3.  The  examination  of  571  specimens  of  material  suspected  of 
containing  germs  of  tuberculosis. 

4.  The  examination  of  specimens  of  blood  of  persons  living  in 
malarial  districts. 

5.  Examination  of  the  blood  of  typhoid  patients. 

The  production  of  tetanus  antitoxin  was  discontinued  during  the 
year,  in  consequence  of  the  very  small  and  irregular  demand  for 
this  serum,  as  well  as  the  fact  that  its  administration  has  usually 
been  delayed  until  the  patient  was  past  recovery. 

The  following  brief  table  shows  the  number  of  specimens  ex- 
amined for  the  presence  of  the  germs  of  diphtheria  and  tuberculosis 
since  the  organization  of  the  department :  — 


Tuberculosis. 


1896,  . 

1897,  . 

1898,  . 

1899,  . 

Totals, 


*  Since  the  vials  or  packages  issued  by  tlie  Board  have  been  of  variable  size  and  strength, 
the  standard  of  1,000  units  in  a  5  cubic  centimeter  vial  has  been  employed  in  making  up  the 
foregoing  statement.  Two  sizes  of  vials  are  now  employed,  one  containing  5  cubic  centimeters 
and  another  20  cubic  centimeters. 
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Water  Supply  and  Sewerage. 

During  the  year  1899  seventy-nine  applications  were  officially 
made  to  the  Board  for  its  advice,  under  the  provisions  of  chapter 
375  of  the  Acts  of  1888,  entitled  "An  Act  to  protect  the  purity 
of  inland  waters  and  require  consultation  with  the  State  Board  of 
Health  regarding  the  establishment  of  systems  of  water  supply, 
drainage  and  sewerage." 

The  work  done  by  the  Board  under  the  provisions  of  this  act  and 
other  acts  of  the  Legislature  requiring  special  action  of  the  Board 
relative  to  the  approval  of  plans  for  systems  of  water  supply,  drain- 
age and  sewerage,  together  with  the  acts  of  the  Board  under  the 
provisions  of  the  general  law  of  1890,  chapter  124,  upon  petitions 
for  the  taking  of  land  for  the  purification  and  disposal  of  sewage, 
have  been  reported  to  the  Legislature  in  Senate  Document  No.  4, 
and  abstracts  of  the  replies  of  the  Board  are  given  on  pages  1  to 
121.  Public  hearings  have  been  given  by  the  Board  in  connection 
with  several  of  these  matters. 

Chemical  and  microscopical  examinations  of  the  various  water 
supplies  of  the  State  have  been  continued  as  in  previous  years,  and 
samples  of  water  from  212  difierent  sources  of  water  supply  in  use 
in  the  various  cities  and  towns  having  public  water  supplies  have 
been  examined  from  time  to  time  by  the  Board.  At  the  end  of  the 
year  all  of  the  cities  and  132  out  of  a  total  of  321  towns  were  pro- 
vided with  public  water  supplies.  The  total  population  in  the  cities 
and  towns  supplied,  according  to  the  census  of  1895,  is  about  90.5 
per  cent,  of  the  total  population  of  the  State.  Only  2  towns  having 
a  population  in  excess  of  3,500,  by  the  census  of  1895,  are  now  un- 
provided with  public  water  supplies. 

There  are  in  the  State  many  small  systems  of  water  works,  owned 
by  corporations  or  individuals,  which  supply  water  to  villages  or 
small  sections  in  the  larger  cities  and  towns,  and  in  many  factories 
and  mills  water  from  some  readily  available  source  is  supplied  for 
various  purposes  and  is  often  used  to  a  large  extent  by  the  operatives 
for  drinking.  While  in  most  such  cases  care  is  probably  taken  to 
ascertain  whether  the  water  supplied  is  suitable  for  drinking  before 
furnishing  it  for  use,  it  sometimes  happens  that  little  or  no  care  is 
exercised  in  selecting  the  source  of  water  supply  or  protecting  it 
from  pollution.     The  use  of  a  private  source,  subject  to  direct  pol- 
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lution  by  sewage,  for  the  supply  of  a  factory  village  in  Dracut,  was 
the  cause  of  a  very  serious  epidemic  of  typhoid  fever  in  that  village 
early  in  the  year,  a  brief  statement  of  which  will  be  found  in  a  sub- 
sequent portion  of  this  report. 

Under  the  provisions  of  chapter  510  of  the  Acts  of  1897,  entitled 
*' An  act  relative  to  the  pollution  of  sources  of  water  supply,"  the 
Board  is  given  authority  to  make  rules,  regulations  and  orders  for 
the  purpose  of  preventing  the  pollution  and  securing  the  sanitary 
protection  of  all  streams  and  ponds  used  by  a  city,  town  or  water 
or  ice  company  in  this  Commonwealth  as  sources  of  water  supply, 
together  with  all  springs,  streams  and  water  courses  tributary 
thereto ;  and  in  response  to  a  petition  from  the  city  of  Cambridge 
this  Board  has  provided  such  rules  and  regulations  as  appear  to  be 
required  to  protect  the  waters  of  Stony  Brook  and  its  tributaries 
used  for  supplying  the  inhabitants  of  the  city  of  Cambridge.  A 
copy  of  these  rules  will  be  found  on  pages  116-121  in  this  report. 
Requests  for  the  establishment  of  rules  and  regulations  for  the  pro- 
tection of  water  supplies  in  other  places  have  been  presented  to  the 
Board.  The  act  referred  to  also  provides  that  the  Board  shall 
appoint  agents  to  enforce  the  provisions  of  this  act,  and  that  their 
compensation  shall  be  paid  by  the  city  or  town,  water  or  ice 
company  making  the  application  to  the  Board  in  the  manner  fol- 
lowing :  — 

Such  compensation  shall  in  the  first  instance  be  paid  by  the  treasurer  of 
the  Commonwealth,  upon  written  requisition  signed  by  said  board  of  health, 
and  approved  by  the  governor  and  council ;  but  at  the  end  of  each  calendar 
year  the  amount  so  paid  shall  be  apportioned  by  said  board,  in  such  man- 
ner as  it  may  deem  just  and  equitable,  among  such  cities,  towns,  water  or 
ice  companies,  as  shall  have  made  application  as  aforesaid  during  such 
year ;  and  if  any  such  applicant  shall  fail,  upon  demand  by  the  treasurer 
of  the  Commonwealth,  to  pay  its  proportional  part  so  ascertained,  as  afore- 
said, the  treasurer  may  recover  the  amount  thereof  from  such  applicant, 
with  interest  from  the  date  of  the  demand,  in  an  action  of  contract  in  the 
superior  court  for  the  county  of  Suffolk. 

Since  it  appears  that  the  auditor  has  no  authority  to  approve  the 
payment  by  the  treasurer  of  the  Commonwealth  of  bills  incurred 
under  the  provisions  of  this  act,  in  the  absence  of  a  definite  appro- 
priation made  for  this  purpose  by  the  Legislature,  there  seems  to 
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be  no  practicable  way  by  which  the  Board  can  enforce  rules  and 
regulations  under  the  authority  of  the  present  statute. 

At  the  present  time  a  very  large  proportion  of  the  water  fur- 
nished by  public  supplies  throughout  the  State  is  drawn  from  surface 
sources,  such  as  ponds  and  reservoirs,  and  used  without  filtration. 
To  describe  the  cases  in  which  polluted  water  supplies  have  been 
proved  to  be  the  medium  through  which  typhoid  fever  has  been 
communicated  to  large  numbers  of  people  would  be  to  repeat  what 
is  already  well  known.  Wherever  water  drawn  directly  from  sur- 
face sources  is  used  for  drinking,  it  is  in  the  highest  degree  impor- 
tant for  the  protection  of  the  public  health  that  the  pollution  of  the 
sources  by  sewage  or  other  filth  be  prevented. 

By  the  provisions  of  chapter  488  of  the  Acts  of  1895  the  State 
Board  of  Health  is  authorized  and  required  to  make  rules  and  regu- 
lations for  the  sanitary  protection  of  all  waters  used  by  the  Metro- 
politan Water  Board  for  the  water  supply  of  any  city,  town  or  water 
company ;  and  in  response  to  an  application  from  the  Metropolitan 
Water  Board  this  Board  has  provided  such  rules  and  regulations  as 
appeared  to  be  required  for  the  protection  of  the  waters  described 
in  the  act,  a  copy  of  which  will  be  found  on  pages  110-116. 

The  average  rainfall  in  Massachusetts  for  the  year  1899  was  nearly 
six  inches  less  than  the  normal,  a  considerable  excess  occurrins  in 
the  months  of  January,  February  and  March,  and  a  great  deficiency 
in  the  aggregate  during  the  remainder  of  the  year.  The  effect  of 
the  low  rainfall  and  its  unequal  distribution  was  to  produce  a  stream 
flow  much  in  excess  of  the  normal  during  the  first  four  months  of 
the  year  and  much  less  than  the  normal  during  the  remainder  of  the 
year.  Judging  from  the  measured  flow  of  the  Sudbury  River,  the 
flow  of  streams  was  less  in  1899  than  it  has  been  for  a  number  of 
years,  though  it  was  probably  higher  in  some  portions  of  the  State 
than  in  the  region  of  the  Sudbury  Eiver.  The  effect  of  this  low 
flow  was  to  make  the  pollution  of  streams  more  evident  than  for 
several  years,  and  special  attention  was  given  to  an  examination  of 
the  various  rivers,  and  numerous  samples  of  water  from  various 
points  on  the  more  important  streams  have  been  analyzed,  the  re- 
sults of  which  may  be  found  in  the  chapter  on  the  examination  of 
rivers. 

The  water  of  the  Blackstone  River  has  been  examined  since  June, 
1887,  by  means  of  samples  of  water  collected  monthly  at  four  places 
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along  the  stream.  The  points  selected  for  examination  were  as  fol- 
lows :  (1)  the  river  between  the  outlet  of  Mill  Brook  channel  and 
the  sewage  precipitation  works  of  the  city  of  Worcester  ;  (2)  a  point 
at  a  sufficient  distance  below  the  Worcester  sewage  precipitation 
works  to  allow  the  effluent  from  these  works  to  become  thoroughly 
mixed  with  the  river  water;  (3)  a  point  in  the  village  of  Uxbridge 
about  seventeen  miles  below  the  precipitation  works  ;  (4)  a  point 
in  the  village  of  Millville  about  five  miles  below  Uxbridge.  Pre- 
vious to  1890  nearly  all  of  the  sewage  of  the  city  of  Worcester  was 
discharged  without  treatment  into  the  channel  of  Mill  Brook,  through 
which  it  flowed  to  the  Blackstone  River  at  Quinsigamond  Village. 
On  June  25,  1890,  a  portion  of  the  sewage  was  diverted  to  chemical 
precipitation  works  located  near  the  river  about  one  mile  south  of 
Quinsigamond  Village.  These  works  were  designed  to  treat  about 
4,500,000  gallons  per  day.  Works  of  much  larger  capacity  were 
completed  and  put  in  operation  on  July  15,  1893.  These  works 
have  a  nominal  capacity  of  15,000,000  gallons  per  day  and  have 
apparently  been  capable  of  treating  a  somewhat  larger  quantity,  but 
the  works  are  not  of  sufiicient  capacity  to  take  the  whole  flow  of  the 
brook  in  all  ordinary  conditions. 

Comparing  the  average  of  the  analyses  of  all  of  the  samples  col- 
lected during  1899  from  the  river  between  the  Mill  Brook  channel 
and  the  sewage  precipitation  works  of  the  city  of  Worcester  with 
the  averages  of  analyses  of  samples  collected  at  this  place  in  pre- 
vious years,  it  is  seen  that  the  stream  in  this  portion  of  its  course, 
as  indicated  by  these  analyses,  was  in  worse  condition  during  1899 
than  it  has  been  in  any  previous  year  since  1892.  Below  the  pre- 
cipitation works  the  average  quantity  of  free  ammonia  shown  by  the 
analyses  of  samples  collected  during  1899  was  greater  than  in  any 
year  since  the  examinations  were  begun,  with  the  exception  of  the 
years  1891  and  1894,  and  the  quantity  of  albuminoid  ammonia  pres- 
ent in  1899  was  exceeded  only  in  the  years  1892  and  1893. 

At  Uxbridge  the  average  quantity  of  both  the  free  ammonia  and 
albuminoid  ammonia  found  in  the  river  water  in  1899  was  greater 
than  was  found  in  any  previous  year  since  the  investigations  were 
beo-un  ;  and  at  Millville  the  evidences  of  pollution,  taken  as  a  whole, 
were  also  greater  than  in  any  previous  year,  though  the  albuminoid 
ammonia  was  slightly  less  than  in  two  of  the  earlier  years. 

Averao-es  of  the  analyses  of  samples  collected  during  the  drier 
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six  months  of  the  year  1899,  from  June  to  November  inclusive, 
when  compared  with  averages  for  similar  months  in  previous  years, 
show  practically  the  same  result  as  the  averages  for  the  whole  year ; 
and  the  results  of  these  examinations  indicate  that  the  condition  of 
the  Blackstone  River  during  1899  was  worse  than  it  has  been  for 
many  years,  and  probably  in  the  lower  portion  of  its  course  worse 
than  it  has  ever  been  before. 

The  Neponset  River,  the  pollution  of  which  is  largely  caused  by 
manufacturing  waste,  was  also  much  worse  than  in  previous  years, 
and  during  the  summer  and  fall  was  exceedingly  foul  throughout  its 
entire  length  below  East  Walpole,  giving  off  a  very  offensive  odor, 
noticeable  for  a  long  distance  from  its  banks.  The  condition  of  this 
river  and  the  extensive  meadows  through  which  it  flows  in  the  middle 
portion  of  its  course  was  investigated  by  the  Board  under  the  direc- 
tion of  the  Legislature  of  1895,  and  a  report  made  in  1897,  present- 
ing a  plan  for  the  improvement  of  the  stream,  but  thus  far  no  action 
in  the  matter  has  been  taken. 

The  provisions  of  the  Pittsfield  sewerage  act  and  of  the  approval 
of  the  plans  of  sewerage  by  the  Board  under  that  act  require  the 
removal  of  the  sewage  of  Pittsfield  from  the  Housatonic  River  in 
June  of  next  year  (1900).  The  diversion  of  the  sewage  of  Pitts- 
field from  the  Housatonic  River  will  remove  the  chief  source  of 
pollution  of  that  stream  and  very  greatly  improve  its  condition. 

The  condition  of  the  Hoosac  River  at  North  Adams  and  of  the 
North  Branch  of  the  Nashua  River  below  Fitchburg'  has  been  notice- 
ably  foul,  and  measures  for  the  purification  of  these  streams  are 
necessary. 

Plans  for  the  purification  of  the  sewage  of  Middleborough  were 
approved  by  the  Board  during  the  year,  and  when  carried  out  will 
provide  a  remedy  for  the  filthy  and  unhealthful  conditions  existing 
in  the  Nemasket  River  at  that  place. 

The  usual  tables  of  water  supply  statistics  are  given,  showing  the 
number  of  towns  supplied  with  water,  the  quantity  of  water  used 
and  a  summary  of  the  records  of  rainfall  and  flow  of  streams,  to 
which  reference  has  already  been  made. 

Experiments  upon  the  purification  of  sewage  and  water  have  been 
carried  on  at  the  Lawrence  Experiment  Station  as  in  previous  years, 
and  the  results  are  presented  by  the  chemist  in  charge.  Several  of 
the  large  experimental  filters  for  the  purification  of  sewage  have  now 
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been  in  operation  for  a  period  of  twelve  years,  and  the  information 
obtained  from  these  filters  has  been  of  the  greatest  value  in  furnish- 
ing reliable  data  with  regard  to  the  means  of  purifying  sewage  and 
preventing  the  pollution  of  streams.  Much  attention  has  been  given 
to  the  purification  of  sewage  by  rapid  methods,  especially  by  the 
method  of  subjecting  the  sewage  to  decomposition  and  putrefaction 
in  a  tank  before  applying  it  to  filters,  thereby  causing  a  large  por- 
tion of  the  organic  matter  in  suspension  to  be  broken  up,  so  that  it 
is  either  dissolved  in  the  sewage  or  escapes  in  the  form  of  gas. 
Much  of  the  remainder  becomes  very  finely  divided,  and  the  sewage 
can  be  purified  subsequently  by  filtration  at  much  greater  rates  than 
in  cases  where  fresh  sewage  is  applied  to  filters.  This  process, 
known  as  the  septic  tank  process,  has  furnished  very  interesting 
results,  and,  taken  in  connection  with  the  bacterial  or  contact  fil- 
ters, so-called,  gives  promise  of  furnishing  a  means  of  purifying 
sewage  in  places  where  suitable  land  for  the  purpose  is  not  available. 

Investigations  upon  the  purification  of  water  by  sand  filtration 
have  been  carried  on  as  usual,  and  the  operations  of  the  Lawrence 
city  filter  have  been  followed  as  in  previous  years.  The  results  of 
the  studies  of  the  past  year  bring  out  very  clearly  the  importance 
of  a  careful  study  of  bacterial  results,  especially  with  reference  to 
the  character  of  the  bacteria  passing  through  a  filter,  and  indicate 
that  determinations  of  numbers  of  bacteria  only  may  fail  to  give  re- 
liable information  as  to  the  efficiency  of  a  filter. 

The  results  of  many  investigations  made  in  recent  years  upon  the 
purification  of  waters  containing  iron  in  various  forms  are  summa- 
rized in  a  paper  by  Mr.  H.  W.  Clark,  chemist  of  the  Board,  in  which 
the  results  of  several  of  these  investigations  are  presented  in  detail. 

Oftensive  Trades. 

By  the  provisions  of  chapter  80,  section  93,  Public  Statutes,  cer- 
tain powers  and  duties  were  given  to  the  State  Board  of  Health  with 
reference  to  the  suspension  of  the  business  of  slaughtering  cattle, 
sheep  and  other  animals,  or  melting  and  rendering,  or  other  noxious 
or  ofiensive  trades ;  but  within  the  past  five  years  no  petitions  have 
been  made  to  the  Board  requesting  its  action  under  this  statute. 

By  certain  acts  of  1894  and  1895  (chapters  491,  section  17,  of 
1894,  and  496,  section  3,  of  1895)  additional  measures  were  pro- 
vided, imposing  upon  the  local  authorities  certain  duties  in  addition 
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to  those  which  already  existed.  By  these  provisions  it  was  required 
that  the  proprietors  of  slaughter  houses  and  other  similar  establish- 
ments should  apply  for  licenses  to  carry  on  business  annually  in 
April,  such  application  to  be  made  to  the  mayor  and  aldermen  of 
cities  and  to  the  boards  of  health  of  towns. 


Health  of  Towns. 
During  the  past  few  years  it  has  been  customary  to  insert  at  the 
latter  end  of  the  report  of  the  Board  a  brief  digest  of  matters  re- 
lating to  the  health  of  towns,  selected  from  the  printed  reports  of 
local  boards  of  health.  Similar  material  is  introduced  in  the  present 
report,  with  the  addition  of  several  reports  of  inspections  made  in 
different  cities  and  towns  by  Dr.  Morse,  medical  inspector  of  the 
Board,  at  the  request  of  local  boards  of  health.  Most  of  these  have 
reference  to  the  prevalence  of  typhoid  fever.  In  several  instances 
conditions  were  found  which  were  sufficiently  serious  to  account  for 
the  prevalence  of  disease  which  existed. 

Summer  Eesoets. 

Within  the  past  few  years,  and  especially  since  the  rapid  intro- 
duction of  electric  railways,  the  popular  demand  for  places  of  out- 
door recreation  outside  the  limits  of  large  centres  of  population  has 
led  to  the  establishment  of  many  places  of  amusement,  camp  and 
picnic  grounds  and  other  kinds  of  summer  resorts. 

Some  of  these  resorts  are  of  a  permanent  character,  where  cot- 
tages have  been  built  to  be  occupied  for  the  season ;  while  others 
are  only  temporary,  and  are  used  as  picnic  grounds  for  a  portion  of 
a  day  only  at  a  time.  In  the  latter  case,  however,  it  often  happens 
that  thousands  of  people  visit  such  places  at  once.  The  places  se- 
lected for  such  resorts  are  often  located  upon  the  shores  of  some 
stream,  lake  or  pond  used  as  a  public  water  supply,  and  in  some 
cases  the  collection  of  people  in  large  numbers  upon  the  water-shed 
of  such  bodies  of  water  has  led  to  their  pollution  and  the  consequent 
occurrence  of  epidemics  of  typhoid  fever  in  a  neighboring  city  or 
town  dependent  upon  these  sources  for  its  public  water  supply. 

Attention  has  already  been  called  to  this  subject  in  the  reports  of 
the  Board  for  1896  and  1897  (pp.  xix  and  xx).  An  inspection  of 
these  places  was  made  in  1896,  and  it  was  found  that  at  that  time 
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there  were  at  least  130  such  places  distributed  throughout  the  State. 
In  some  of  them  the  sanitary  conditions  were  such  as  needed  cor- 
rection, and  notices  to  that  effect  were  sent  to  the  owners  or  pro- 
prietors. 

During  the  past  year  further  inspections  have  been  made  of  such 
places  as  had  not  been  visited  at  the  time  of  the  first  inspection,  and 
of  others  where  the  conditions  were  such  as  to  require  further  in- 
spection. A  report  upon  these  latter  places  has  been  prepared  by 
Dr.  Morse,  the  medical  inspector  of  the  Board,  and  appears  at  the 
end  of  this  volume. 

Routine  Work  of  the  Board. 

During  the  year  ended  Sept.  30,  1899,  the  Board  held  meetings 
at  least  once  in  each  month.  Meetings  of  such  of  the  standing  com- 
mittees as  were  necessary  for  the  transaction  of  business  were  also 
held  from  time  to  time.  Hearings  were  held  at  the  ofBce  of  the 
Board  relative  to  the  sewage  disposal  of  Middleborough,  Stock- 
bridge,  Pittsfield,  Southbridge,  Wakefield  and  Webster,  and  with 
reference  to  a  proposed  outlet  for  the  sewage  of  a  district  in  Somer- 
ville  into  the  Miller's  River.  A  hearing  was  also  held  at  Pittsfield 
with  reference  to  the  sewage  disposal  of  that  city,  the  Board  at- 
tending. 

The  office  of  the  Board  has  been  open  throughout  the  year,  as 
prescribed  by  the  Public  Statutes,  chapter  21,  section  10,*  for  the 
transaction  of  its  authorized  business. 

Advice  has  been  very  frequently  given  at  the  office  and  by  mail 
to  local  boards  and  to  individuals  in  regard  to  sanitary  matters,  and 
many  visits  have  been  made  b}^  the  inspector,  the  engineers  and 
other  experts  to  cities  and  towns  for  the  purpose  of  making  investi- 
gations and  giving  advice. 

The  bacteriological  work  undertaken  by  the  Board  for  the  benefit 
of  such  communities  in  the  State  as  possessed  no  facilities  for  such 
methods  of  investigation  and  diagnosis,  together  with  the  produc- 
tion and  distribution  of  antitoxin  for  the  treatment  and  prevention 
of  diphtheria,  has  very  materially  increased  the  work  of  the  office, 
which  acts  as  a  general  and  central  station  for  the  distribution  of 
antitoxin  and  of  the  various  culture  tubes,  receptacles  and  other 
means  employed  for  the  diagnosis  of  disease. 

*  Office  hours,  9  a.m.  to  5  p.m.  ;  Saturdays,  9  a.m.  to  2  p.m. 
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The  work  of  antitoxin  production  especially  has  increased  over 
that  of  the  previous  year,  as  will  be  seen  by  reference  to  the  report 
upon  antitoxin  production. 

The  statistics  of  mortality  compiled  from  the  weekly  postal-card 
returns  from  the  registering  authorities  of  cities  and  towns  have  been 
published  weekly  during  the  year  in  the  form  of  a  bulletin,  which 
also  contains,  once  in  each  month,  a  report  of  the  work  done  in  the 
line  of  food  and  drug  inspection,  together  with  the  prosecutions  made 
under  the  food  and  drug  acts,  and  other  important  information  rela- 
tive to  the  work  of  this  department.  In  addition  to  these  items  there 
is  also  published  in  the  same  bulletin  a  weekly  report  of  the  number 
of  cases  of  infectious  diseases  reported  by  the  local  boards  to  the 
State  Board  of  Health,  under  the  provisions  of  chapter  302  of  the 
Acts  of  1893.  It  is  the  intention  of  the  Board  to  increase  the  use- 
fulness of  this  bulletin  by  introducing  further  material  relative  to 
sanitary  matters  of  interest  to  the  people. 

The  laboratories  for  water  analysis  and  for  food  and  drug  inspec- 
tion are  located  on  the  fifth  floor  of  the  State  House,  the  former  at 
Room  502  and  the  latter  at  Room  501,  each  of  which  is  open  during 
the  usual  working  hours. 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board  :  — 

Statistical  Table  for  the  Year  ended  Sept.  30, 1899. 
Whole  number  of  samples  of  foods  and  drugs  examined  during  the 

year, 9,802 

Samples  of  milk  examined  (included  in  the  foregoing),  .         .        .        .         6,186 
Whole  number  of  samples  of  food  and  drugs  examined  since  beginning 

of  work  in  1883, 107,392 

Whole  number  of  samples  of  milk  examined  since  beginning  of  work 

in  1883, 57,384 

Number  of  prosecutions  against  offenders  during  the  year,     ...  47 

Number  of  convictions  during  the  year, 45 

Amount  of  fines  imposed  during  the  year, $1,432  66 

Number  of  packages  of  antitoxin  of  1,500  units  each  issued  to  cities  and 

towns,* 31,997 

Number  of  bacterial  cultures  made  for  the  diagnosis  of  diphtheria  in 

cities  and  towns,*    .        , 3,258 

Number  of  examinations  made  for  diagnosis  of  tuberculosis,*         .        .  571 
Number  of  examinations  of  blood  made  for  diagnosis  of  malarial  infec- 
tion,*          76 

*  For  the  year  ended  March  31,  1900. 
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Number  of  notices  of  cases  of  infectious  diseases  received  and  recorded 

under  the  provisions  of  chapter  302,  Acts  of  1893,*       ....       27,719 

Number  of  postal-card  returns  of  mortality  for  cities  and  towns  received 

and  recorded,* 2,015 

Number  of  annual  reports  of  cities  and  towns  received  under  the  pro- 
visions t  of  Acts  of  1894,  chapter  218,* 89 

Force  employed  in  general  work  of  Board  at  central  oflBce,  State  House :  — 

Secretary, 1 

Clerks 3 

Messenger,  . 1 

Total, 6 

Force  employed  at  central  office.  State  House,  Boston,  for  food  and  drug 

inspection,  chemists  and  assistants, 2 

At  Amherst, 1 

Inspectors, 4 

Total, 7 

Force  employed  at  laboratory  (Bussey  Institute) :  — 

Pathologist, 1 

Assistants, 5 

Total, 6    . 

Under  the  Provisions  of  Chapter  375,  Acts  of  1888. 
Applications  for  advice  from  cities,  towns  and  others  :  — 

Relating  to  water  supply, 39 

Relating  to  ice  supply, 3 

Relating  to  sewerage  and  drainage, 30 

Relating  to  pollution  of  streams, 6 

Miscellaneous, 1 

Total, 79 

Number  of  samples  of  water  examined  chemically  and  microscopically 

at  the  laboratory.  Room  502,  State  House, 3,513 

Number  of  samples  of  sewage  and  effluent  from  sewage  purification 

works  examined  chemically  at  the  laboratory.  Room.  502,  State  House,  493 

Number  of  samples  of  sewage  and  water  examined  chemically  and 

bacterially  at  the  Lawrence  Experiment  Station, 2,204 

Number  of  samples  of  sand  examined  chemically  and  bacterially  at  the 

Lawrence  Experiment  Station, 312 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 

Experiment  Station, 358 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 

Station 7,871 


Total  number  of  samples  examined,       ......       14,751 

*  For  the  calendar  year  1899.     f  Towns  having  a  population  of  over  5,000  inhabitants  in  each. 
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Force  employed  at  central  office  :  — 

Chief  engineer, 

Assistant  engineers,     . 

Stenographers  and  clerks, 

Messenger, 

At  laboratory.  Room  502,  State  House  :  — 

Chemists, 

Assistant  chemists, 

Biologist, 

At  Lawrence  Experiment  Station :  — 

Chemists, 

Bacteriologists, 

Other  assistants  and  laborers, 


Iv 


Total  ordinary  force  employed  under  chapter  375,  Acts  of  1888, 
Total  ordinary  force  in  all  departments, 


23 
41 


The  number  of  applications  for  advice  under  the  provisions  of  the 
acts  relating  to  water  supply  and  sewerage,  received  since  July, 
1886,  when  these  acts  first  went  into  operation,  is  as  follows  :  — 


1886, 

8 

1894, 

.  53 

1887, 

22 

1895,    .    .    . 

.  52 

1888, 

28 

1896, 

.  65 

1889, 

38 

1897, 

.  69 

1890, 

23 

1898, 

.  75 

1891, 

53 

1899, 

.  79 

1892, 

56 

1893, 

51 

Total, 

.662 

Recommendations  . 
The  following  recommendation  was  made  to  the  Legislature  at 
the  beginning  of  the  session  of  1900  :  — 


The  Board  recommends  the  continuance  of  its  investigations  now  being  car- 
ried on,  as  authorized  by  the  provisions  of  chapter  375  of  the  Acts  of  1888. 

For  this  purpose,  and  to  make  the  necessary  investigations  in  order  to 
advise  cities,  towns,  corporations  and  individuals  in  regard  to  the  best 
methods  of  assuring  the  purity  of  intended  or  existing  water  supplies  and 
the  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  provi- 
sions of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the  sum 
of  $30,000  will  be  required. 


Ivi 


STATE   BOARD   OF   HEALTH. 


[Jan. 


Expenditures. 
The  expenditures  in  1899  under   the    foregoing   appropriations 
were  as  follows  :  — 


General  Expenditures  Sept.  30,  1898, 

to  Sept. 

30,  1899. 

Salaries, $8,742  00 

Travelling  expenses, 

Stationery, 

Printing, 

Books,  subscription  and  binding. 

739  65 

519  38 

1,732  85 

359  01 

Advertising, 

58  00 

Express  charges,       .... 
Extra  services, 

215  04 
107  10 

Messenger  services, . 
Postage  and  postal  orders. 
Telephone  and  telegraph  messages, 
Typewriting  supplies. 
Translations, 

18  44 

379  51 

129  98 

7  15 

18  00 

Sundry  office  supplies  and  incidental  ex] 

Dense 

s, 

199  86 

$13,225  97 

Expenditures  at  Pathological  Laboratory  at  Forest  Hills. 

Salaries, $3,067  04 

Travelling  expenses, 46  19 

Purchase  of  animals, 460  62 

Board  of  horses, 1,681  20 

Food  for  animals, 74  87 

Apparatus,  chemicals  and  laboratory  supplies,        .        .        .    1,636  99 

Ice, 5  30 

Postage, 5  64 

Stationery, 6  25 

Rental  of  telephone  and  messages, 127  05 

7,011  15 

Total $20,237  12 


Expenses  under  Chapter  375  of  Acts  of  1888  {Protection  of  Purity  of  Inland 

Waters')  for  Calendar  Year  1899. 
Salaries,  including  wages  of  laborers  at  Lawrence  Experiment  Station,  $24,128  58 


Apparatus  and  materials,  .... 

Rent  of  Lawrence  Experiment  Station,    . 

Travelling  expenses, 

Express  charges, 

Use  of  tools  and  office,  Lawrence  Experiment  Station, 

Amount  carried  forward,  ..... 


2,630  30 

150  00 

1,486  88 

915  33 

214  16  , 

$29,525  25  fl 

I 
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Amount  brought  forward,  . 


Books,  stationery  and.  drawing  materials, 
Maps  and  blue  prints,       .... 

Postage  stamps, 

Printing, 

Collection  of  samples,      .... 
Messengers,  telegrams  and  telephone  messages, 

Total, 


For  Food  and  Drug  Inspection  for  Tear  ending  Sept.  30, 1899. 

Salaries  of  analysts, 

Salaries  of  inspectors,       .... 
Travelling  expenses  and  pm'chase  of  samples, 
Apparatus  and  chemicals. 

Printing, 

Express,     ....... 

Special  investigation,        .... 

Telegram, 

Extra  services  for  inspection,  . 
Services  (cleaning  laboratory), 

Case  for  samples, 

Sundry  small  supplies,     .... 


Ivii 


.  $29,525 

25 

250 

19 

83 

35 

13 

00 

104 

02 

8 

80 

15 

18 

$29,999  79 

Total, 


.  $3,875  48 

.  4,050 

00 

.   1,803 

50 

.  1,121 

72 

21 

67 

1 

55 

60  00 

■42 

188 

00 

122 

00 

7 

50 

9 

99 

$11,251  83 

HENRY  P.  WALCOTT, 
JULIAN  A.  MEAD, 
HIRAM  F.  MILLS, 
FRANK  W.  DRAPER, 
GERARD  C.  TOBEY, 
JAMES  W.  HULL, 
CHARLES  H.  PORTER, 

State  Board  of  Health. 
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Under  the  provisions  of  chapter  375  of  the  Acts  of  1888,  entitled 
*'  An  Act  to  protect  the  purity  of  inland  waters,  and  to  require  con- 
sultation with  the  State  Board  of  Health  regarding  the  establishment 
of  systems  of  water  supply,  drainage  and  sewerage,"  the  Board  is 
required 

*'  from  time  to  time  to  consult  with  and  advise  the  authorities  of  cities  and 
towns,  or  with  corporations,  firms  or  individuals  either  already  having  or 
intending  to  introduce  systems  of  water  supply,  drainage  or  sewerage,  as 
to  the  most  appropriate  source  of  supply,  the  best  practical  method  of 
assuring  the  purity  thereof  or  of  disposing  of  their  drainage  or  sewage, 
having  regard  to  the  present  and  prospective  needs  and  interests  of  other 
cities,  towns,  corporations,  firms  or  individuals  which  may  be  affected 
thereby.  It  shall  also  from  time  to  time  consult  with  and  advise  persons 
or  corporations  engaged  or  intending  to  engage  in  any  manufacturing  or 
other  business,  drainage  or  sewage  from  which  may  tend  to  cause  the  pol- 
lution of  any  inland  water,  as  to  the  best  practicable  method  of  preventing 
such  pollution  by  the  interception,  disposal  or  purification  of  such  drainage 
or  sewage :  provided,  that  no  person  shall  be  compelled  to  bear  the  ex- 
pense of  such  consultation  or  advice,  or  of  experiments  made  for  the  pur- 
poses of  this  act.  All  such  authorities,  corporations,  firms  and  individuals 
are  hereby  required  to  give  notice  to  said  Board  of  their  intentions  in  the 
premises,  and  to  submit  for  its  advice  outlines  of  their  proposed  plans  or 
schemes  in  relation  to  water  supply  and  disposal  of  drainage  and  sewage ; 
and  all  petitions  to  the  Legislature  for  authority  to  introduce  a  system  of 
water  supply,  drainage  or  sewerage  shall  be  accompanied  by  a  copy  of  the 
recommendation  and  advice  of  the  said  Board  thereon." 

During  the  year  1899  the  Board  has  given  its  advice  to  the  fol- 
lowing cities,  towns,  corporations  and  individuals  who  have  applied 
for  such  advice  under  the  provisions  of  the  general  act  of  1888,  or 
under  special  acts  relating  to  water  supply  and  sewerage. 
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Official  communications  were  made  during  the  year  under  the  pro- 
visions of  acts  relating  to  water  supply  as  follows  :  — 


Attleborough. 

Blackstone. 

Brookline. 

Cheshire. 

Dartmouth  (Bay  View). 

Dartmouth  (Salter's  Point). 

Falmouth. 

Framingham  (State  Camp  Ground). 

Granville. 

Great  Barrington. 

Harvard  (Hildreth  Bros.). 

Holyoke. 

Holyoke  (American  Thread  Company) . 

Hyde  Park. 

Lawrence. 

Lowell  (three  letters  of  advice) . 

Lowell    (Lowell    Bleachery   and  Dye 

Works). 
Medway  (Poor  Farm). 
Milford  (two  letters  of  advice). 


Needham. 

North  Adams  (Board  of  Healtli) . 
North  Adams  (N.  L.  Millard  &  Co.). 
Northampton  (Mt.  Tom  Sulphite  Pulp 

Company) . 
Plymouth. 
Provincetown. 
Randolph. 
Russell. 

Salem  (two  letters  of  advice) 
Springfield. 
Stoughton. 
Tyngsborough. 
Ware. 
Warren. 
Wellesley. 
Weston. 

West  Springfield. 
Wilmino1:on. 


Official  communications  were  also  made  during  the  year  under 
general  and  special  acts  relating  to  sewerage  and  sewage  disposal  as 
follows  :  — 


Bridgewater  (State  Farm). 

Easthampton. 

Foxborough. 

Foxborough    (Massachusetts   Hospital 

for  Dipsomaniacs  and  Inebriates). 
Gardner. 
Haverhill. 

Hopedale  (The  Draper  Company). 
Longmeadow. 
Ludlow. 
MiddleborouDfh. 


North  Adams. 
Northampton. 
Pittsfield. 

Somerville  (three  letters  of  advice). 
Southbridge. 
Stockbridge. 
Wakefield. 
Webster. 
Westborough. 
Westborough 
Schools). 


(Lyman   and   Industriall 


Replies  were  made  in  answer  to  applications  from  the  authorities! 
of  the  following  cities  and  towns  for  advice  relative  to  the  poUutionj 
of  ponds,  streams  and  other  bodies  of  water  :  — 


Dracut. 
New  Bedford 


Uxbridge. 

West  Springfield. 
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Replies  were  also  made  during  the  year  in  answer  to  applications 
from  the  following  authorities  for  advice  relative  to  sources  of  ice 
supply :  — 

Holyoke.  I  Springfield. 

North  Adams.  ]  Ware. 

Rules  and  regulations  for  the  sanitary  protection  of  sources  of 
water  supply  were  made  for  the  following  authorities :  — 

Cambridge  Water  Board.  |  Metropolitan  Water  Board. 

Water  Supply. 
The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year,  in  reply  to  applications  for  advice  relative  to  water 
supply :  — 

Attleborough.  An  application  was  received  from  the  water 
commissioners  of  Attleborough,  Dec.  19,  1898,  requesting  from  the 
Board  such  recommendations  as  it  could  make,  as  the  result  of  the 
studies  which  have  been  made  during  the  past  year,  with  a  view  to 
eliminating  the  iron  from  the  public  water  supply  of  the  town.  The 
Board  replied  to  this  request  as  follows  :  — 

Jan.  24,  1899. 

Since  receiving  your  application  for  advice  as  to  some  method  by  which 
the  rusty  appearance  of  the  water  in  the  distributing  system  of  the  town  of 
Attleborough  might  be  remedied,  the  Board  has  caused  an  investigation  to 
be  made,  to  determine  the  condition  of  the  water  and  the  cause  of  the 
presence  of  iron  therein,  and,  if  possible,  to  discover  some  suitable  method 
of  preventing  ti'ouble  from  this  cause.  In  the  course  of  these  investiga- 
tions several  experiments  have  been  made,  with  the  assistance  of  your 
Board,  upon  various  methods  of  treating  water. 

Analyses  of  water  supplied  to  the  town  of  Attleborough  from  the  well 
near  Seven  Mile  River  have  been  made  regularly  by  this  Board  about  once 
each  month  since  the  well  was  completed,  and  the  results  show  that  the 
quality  remains  about  the  same  as  in  the  beginning.  The  water  is  clear, 
nearly  colorless  and  almost  always  odorless.  It  is  also  soft  and  contains 
but  little  organic  matter,  and  as  drawn  from  the  well  it  is  of  excellent 
quality  for  drinking  and  other  domestic  uses. 

It  has  been  found,  however,  that  the  water  in  the  pipes  in  various  parts 
of  the  system  contains  an  excessive  amount  of  iron ;  and,  since  the  quan- 
tity of  iron  present  in  the  water  of  the  well  has  always  been  insignificant, 


6  STATE   BOAED    OF   HEALTH.  [Pub.  Doc. 

so  far  as  is  shown  by  the  chemical  analyses,  it  is  evident  that  the  water 
takes  up  iron  from  the  pipes  in  its  passage  through  them. 

Further  examination  of  the  water  of  the  well  has  shown  that  it  contains 
carbonic  acid  gas  in  large  quantity  and  a  considerable  quantity  of  dissolved 
oxygen.  Our  investigations  of  this  and  other  water  supplies  and  experi- 
ments conducted  in  the  laboratory  have  shown  that  some  waters  in  which 
these  substances  are  present  will  attack  the  metal  of  pipes  through  which 
the  water  is  conveyed,  and  it  is  probable  that  the  corrosive  action  of  the 
Attleborough  water  upon  the  pipes  through  which  it  is  conveyed  is  caused 
by  the  presence  of  one  or  both  of  these  substances.  Various  means  of 
preventing  the  water  from  attacking  the  pipes  have  been  tried,  one  of 
which  was  to  remove  the  carbonic  acid  gas  by  aeration ;  but  the  quantity 
of  oxygen  that  remained  in  the  water  was  such  as  to  cause  the  water  to 
attack  the  pipes,  and,  while  the  quantity  of  iron  that  would  be  taken  from 
the  pipes  in  this  way  might  be  smaller  than  under  the  present  conditions, 
the  water  would  nevertheless  be  liable  to  continue  to  be  objectionable  for 
many  purposes. 

The  effect  of  adding  lime  to  the  water  has  also  been  tried,  but  our  in- 
vestigations have  not  been  carried  far  enough  to  determine  definitely  what 
results  can  be  obtained  in  this  way.  The  only  recommendation  that  the 
Board  can  make  at  the  present  time  is  that  the  investigation  be  continued, 
since  the  water  is  of  excellent  quality  for  domestic  uses  and  would  not  be 
objectionable  in  any  way  were  it  not  for  the  presence  of  iron  in  excessive 
quantity  in  the  distributing  system. 

Careful  records  of  the  temperature  of  the  water  in  the  well  and  in  Orr's 
Pond,  as  well  as  in  various  parts  of  the  distributing  system,  have  been  fur- 
nished by  you,  and  several  observations  have  been  made  by  the  Board. 
The  results  of  these  investigations  indicate  that  some  of  the  water  entering 
the  well  probably  comes  from  the  rainfall  percolating  through  the  ground 
in  its  vicinity,  and  that  other  portions  probably  come  by  filtration  from 
Seven  Mile  River,  and  still  other  portions  from  Orr's  Pond. 

It  is  possible  that  further  investigations  might  show  the  source  from 
which  comes  the  carbonic  acid  which  enters  the  well,  and  it  may  be  practi- 
cable to  neutralize  its  infiuence  without  affecting  unfavorably  the  quality 
of  the  water  of  the  well.  In  continuing  the  investigation,  it  appears  to  be 
of  much  importance  to  examine  the  condition  of  the  water  in  the  ground 
about  the  well ;  and  it  is  suggested  that,  as  the  next  step  in  the  investiga- 
tion, you  cause  test  wells  to  be  driven  in  the  region  about  the  well,  in  order 
to  make  it  practicable  to  examine  the  water  and  determine  if  possible  the 
source  from  which  the  carbonic  acid  gas  comes,  and  whether  its  entrance 
into  the  well  can  be  prevented  or  its  effect  neutralized  in  any  way.  The 
Board  wUl  continue  to  co-operate  with  you  in  these  investigations,  and  will 
make  all  necessary  analyses  and  will  give  you  further  advice  in  the  matter 
when  the  results  of  further  investigations  are  available. 
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Blackstone.  An  application  was  received  from  the  water  supply- 
committee  of  Blackstone,  Nov.  18,  1899,  for  the  advice  of  the  Board 
relative  to  a  proposed  water  supply  for  that  town.  The  Board  re- 
plied to  this  application  as  follows  :  — 

Jan.  5,  1900. 

The  state  Board  of  Health  received  from  you,  on  Nov.  18,  1899,  an 
application  for  advice  with  reference  to  a  proposed  water  supply  for  the 
town  of  Blackstone,  in  which  you  refer  to  Ironstone  Pond,  Fox  Brook  and 
Emerson  Brook  as  possible  sources  of  supply.  The  Board  has  caused  the 
sources  referred  to  to  be  examined  by  one  of  its  engineers,  and  samples  of 
the  water  of  these  and  other  sources  to  be  analyzed.  Two  of  the  sources 
referred  to  by  you.  Ironstone  Pond  and  Emerson  Brook,  were  examined 
by  the  Board  in  1893,  at  the  request  of  a  number  of  citizens  of  Blackstone 
who  proposed  to  form  a  water  company  at  that  time,  and  a  copy  of  the 
advice  of  the  Board  with  reference  to  the  sources  proposed  at  that  time  is 
enclosed  herewith.  (See  Senate  Document  4,  1895.)  The  recent  exami- 
nations of  the  Ironstone  Pond  and  Emerson  Brook  sources  tend  to  confirm 
the  opinion  expressed  in  1893  ;  and,  excepting  the  examinations  made  by 
the  Board,  it  does  not  appear  that  any  more  thorough  investigations  of 
these  sources  have  been  made  since  the  time  of  the  previous  application. 
It  is  not  likely  that  it  will  be  practicable  for  the  town,  except  at  large 
expense,  to  make  such  improvements  at  either  source  as  to  make  it  capable 
of  furnishing  a  water  of  satisfactory  quality  for  the  town  of  Blackstone. 

Fox  Brook,  the  remaining  source  mentioned  by  you,  at  the  point  sug- 
gested for  the  location  of  a  reservoir,  has  a  water-shed  of  4.25  square  miles, 
which  contains  a  population  of  about  62  persons  per  square  mile.  Analy- 
ses of  the  water  of  Fox  Brook  show  that  it  is  highly  colored,  and  contains 
a  large  quantity  of  organic  matter.  Considering  all  the  circumstances,  this 
source  is  not,  in  the  opinion  of  the  Board,  a  satisfactory  one  from  which 
to  attempt  to  secure  a  water  supply  for  Blackstone. 

A  good  ground-water  supply  would  be  more  satisfactory  than  either  of 
the  sources  suggested.  In  the  vicinity  of  a  brook  flowing  from  Ironstone 
Pond  to  the  Blackstone  River  there  are  large  areas  of  land  where  the  soil 
apparently  consists  of  coarse  and  porous  material,  which  absorbs  a  large 
proportion  of  the  water  falling  upon  it.  Much  spiing  water  discharges 
from  this  territory  into  the  stream  at  various  points  before  it  reaches  the 
Blackstone  River,  and  you  have  called  attention  to  these  springs  and  re- 
quested advice  as  to  the  feasibility  of  obtaining  a  supply  for  Blackstone 
in  this  region.  Analyses  of  samples  of  water  from  two  of  the  springs  in 
this  region  show  that  it  is  soft,  colorless,  and  otherwise  of  excellent  qual- 
ity for  the  purposes  of  a  public  water  supply ;  and,  judging  from  the 
quantity  flowing  in  the  early  part  of  December,  1899,  there  is  a  prospect 
of  obtaining  an  ample  supply  of  water  for  Blackstone  in  this  region,  if  the 
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porous  material  is  deep  over  a  considerable  area.  This  source  has  the 
advantage  of  being  quite  near  the  thickly  settled  portion  of  the  village  of 
Millville,  though  not  near  enough  so  that  the  quality  of  the  water  is  likely 
to  be  injured  by  the  growth  of  population  in  this  village. 

Considering  the  circumstances,  the  Board  would  advise  that  an  investi- 
gation be  made  by  the  town  in  the  vicinity  of  the  springs  by  means  of  test 
wells  to  determine  the  depth  and  extent  of  porous  soil;  and  if,  upon 
examination,  favorable  conditions  are  found,  it  is  desirable  that  you  cause 
a  pumping  test  to  be  made  by  pumping  continuously  from  a  group  of  wells 
in  this  locality  at  a  rate  as  great  as  would  be  necessary  for  the  supply  of 
the  town  of  Blackstone.  The  Board  wiU  co-operate  with  you  in  further 
investigations  by  making  such  analyses  of  water  as  may  be  necessary,  and 
will  give  you  further  advice  in  the  matter  when  you  have  the  results  of 
additional  investigations  to  present. 

Brookline.  An  application  was  received  from  the  selectmen  and 
water  board  of  Brookline,  Dec.  7,  1899,  for  the  advice  of  the  State 
Board  of  Health  with  reference  to  enlarging  the  yield  of  the  present 
sources  of  water  supply.  The  Board  replied  to  this  application  as 
follows  :  — 

Jan.  5,  1900. 

The  State  Board  of  Health  received  from  you,  on  Dec.  7,  1899,  an  appli- 
cation for  advice  with  I'ef erence  to  an  additional  water  supply  for  the  town, 
in  which  you  state  :  — 

The  present  capacity  of  the  force  mains  and  pumps  is  5,000,000  gallons  in  twenty- 
foiur  hours.  The  system  of  driven  wells  and  the  filtering  gallery  will  furnish 
the  above  amount  of  water  except  during  the  lowest  stages  of  the  river,  when  it  is 
proposed  to  pump  water  from  the  river  on  to  the  meadows  in  which  the  wells  are 
driven,  if  this  can  be  done  without  injuring  the  quality  of  the  water. 

The  town  now  owns  land  enough,  in  addition  to  the  land  on  which  the  wells 
and  filtering  galleries  are  located,  to  yield  from  3,000,000  to  5,000,000  gallons  per 
day,  and  the  system  of  driven  wells  can  be  easily  extended  if  found  desirable  or 
necessary  to  convey  the  additional  water  to  the  pumps.  The  cost  of  this  extension 
will  be  small.  .  .  . 

The  Board  has  carefully  considered  the  proposed  plan  and  the  results  of 
analyses  of  the  water  of  Charles  Elver  and  of  the  present  wells  and  filter- 
gallery,  and  has  caused  an  examination  to  be  made  by  its  engineer  of  the 
location  and  surroundings  of  your  present  works. 

The  water  obtained  from  your  present  works  is  of  excellent  appearance, 
being  clear,  nearly  colorless,  and  otherwise  of  good  quality,  and  since  a 
covered  reservoir  has  been  provided  the  quality  does  not  deteriorate  in  the] 
distributing  system.     Much  of  the  land  in  the  region  about  the  wells  is 
subject  to  inundation  at  times  of  high  water  in  the  river,  and  is  uninhabited  ;j 
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and  the  town  controls  so  large  an  area  of  land  that  it  will  be  able  to  pre- 
vent serious  danger  of  injmy  to  the  quality  of  its  water  supply  that  might 
result  from  the  growth  of  population  in  this  region,  for  many  years. 

The  character  of  the  soil  over  much  of  the  area  controlled  by  the  town 
appears,  from  such  examinations  as  have  been  made,  to  be  similar  to  that 
in  which  the  present  wells  are  located  ;  and  it  will  be  practicable  to  enlarge 
the  tubular  well  system  by  extending  it  through  the  favorable  portions  of 
these  lands,  and  thus  increase  considerably  the  yield  of  the  works  by 
drawing  a  larger  proportion  of  the  water  stored  in  the  ground,  and  increas- 
ing the  area  from  which  water  will  flow  toward  the  present  wells. 

The  main  feature  of  the  plan  for  increasing  the  yield  of  the  works  is  to 
pump  water  from  the  river  upon  the  meadows  in  which  the  wells  are 
located,  and  the  plan  involves  extending  the  ttibular  well  system,  if  neces- 
sary or  desirable.  The  water  now  drawn  from  the  system  of  tubular  wells 
between  the  two  positions  of  the  river,  south-west  of  the  pumping  station, 
is  derived  from  a  gravel  stratum  found  at  a  depth  of  from  30  to  95  feet 
beneath  the  surface.  The  water  is  probably  supplied  partly  by  the  rainfall 
upon  the  ground  in  the  region  about  the  wells  and  partly  by  filtration  from 
the  river,  especially  at  times  of  high  water,  and  when  the  land  in  which  the 
wells  are  situated  is  inundated.  Much  of  the  flat  land  in  the  region  of  the 
wells  is  covered  with  loam  or  peat  to  only  a  small  depth,  and  beneath  this 
material  the  soil  encountered  in  sinking  the  present  wells  was  found  to  be 
composed  of  sand  down  to  the  gravel  stratum  from  which  the  water  is 
drawn.  If  water  should  be  pumped  upon  the  surface  of  the  ground  about 
the  wells  in  its  present  state,  it  is  probable,  judging  from  the  expexience 
with  the  present  wells  at  times  of  high  water  in  the  river,  that  a  consider- 
able portion  of  it  would  sink  into  the  ground ;  but  the  water  in  passing 
through  the  peat  would  be  liable  to  take  up  organic  matter  and  iron,  and, 
if  this  method  of  increasing  the  supply  should  be  used  frequently  or  regu- 
larly, it  might  injure  the  quality  of  the  water  of  the  wells. 

As  already  indicated,  the  depth  of  peat  is  not  great  over  a  large  portion 
of  the  area,  and  it  is  probably  feasible  to  remove  all  the  peat  and  organic 
matter  from  large  areas  of  the  flat  lands  at  small  expense.  If  river  water 
should  be  applied  to  areas  prepared  in  this  way  intermittently,  and  only  in 
such  quantities  as  would  allow  the  water  to  soak  away  and  the  surface  of 
the  area  to  remain  dry  for  a  period  of  several  hours  in  each  twenty-four, 
it  is  probable  that  the  yield  of  the  wells  could  be  materially  increased  with- 
out injuring  the  quality  of  the  water.  The  degree  to  which  the  organic 
matter  and  color  of  the  water  can  be  removed  and  its  temperature  lowered 
will  probably  be  dependent  also  to  a  considerable  extent  upon  the  time 
taken  by  the  water  in  passing  through  the  ground  to  the  wells.  It  is 
advisable  to  apply  the  river  water  at  a  considerable  distance,  not  less  than 
75  feet  from  the  wells,  and  not  to  allow  the  water  to  come  in  contact  with 
any  of  the  bodies  of  peat  which  are  not  removed  from  the  field. 
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Considering  all  the  circumstances,  the  Board  is  of  the  opinion  that  the 
proposed  plan  of  securing  an  additional  water  supply  has  such  advantages 
that  it  should  be  given  a  thorough  trial,  since  it  is  likely  that  by  develop- 
ing this  plan  in  the  manner  suggested  a  large  additional  supply  of  very  good 
water  can  be  obtained  at  a  smaller  cost  to  the  town  than  from  any  other 
source. 

The  Board  will,  if  you  so  request,  give  you  further  advice  in  this  matter 
when  plans  for  further  works  have  been  prepared. 


Cheshire.  An  application  was  received  from  the  Cheshire  Water 
Company,  Aug.  9,  1899,  for  the  advice  of  the  Board  with  reference 
to  the  propriety  of  taking  Kitchen  Brook  in  that  town  as  an  addi- 
tional source  of  water  supply.  The  Board  replied  to  this  applica- 
tion as  follows :  — 

■  Sept.  8,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  use  of  Kitchen  Brook  in  the  town  of  Cheshire  as  a 
source  of  public  water  supply  for  that  town,  and  has  caused  the  water-shed 
to  be  examined  by  its  engineer,  and  samples  of  the  water  to  be  analyzed. 
The  results  of  these  and  the  previous  examinations  indicate  that  the  water 
of  this  stream  is  quite  soft,  colorless  and  otherwise  of  good  quality  for  the 
purposes  of  a  public  water  supply ;  and,  so  far  as  can  be  judged  from  the 
information  available,  the  flow  of  the  stream  is  sufficient  to  supply  all  of 
the  water  that  the  town  is  likely  to  need,  excepting  possibly  in  the  very 
driest  weather. 

The  water-shed  of  this  stream  contains  a  much  smaller  population  thai 
that  of  Thunder  Brook,  your  present  source  of  supply  ;  and  it  appears  that 
there  is  but  one  occupied  dwelling  house  upon  the  water-shed  of  this  stream, 
and  this  house  is  so  situated  that  the  danger  of  pollution  of  the  stream  fromj 
this  place  can  easily  be  prevented.  The  quality  of  the  water  of  Kitchei 
Brook  is  slightly  better  than  that  of  Thunder  Brook,  judging  from  thej 
limited  number  of  analyses  of  these  waters  that  have  thus  far  been  made. 

The  Board  is  of  the  opinion  that  Kitchen  Brook  is  an  appropriate  sourcej 
of  additional  water  supply  for  Chjeshire. 

Dartmouth  (Salter's  Point) .  An  application  was  received,  July! 
12,  1897,  from  Alvin  F.  Waite  and  James  T.  Smith  of  Dartmouth,] 
for  the  advice  of  the  Board  relative  to  the  proposed  water  supply] 
for  Salter's  Point,  a  small  summer  settlement  on  the  shore  of  Buz- 
zard's Bay  in  that  town.  The  Board  replied  to  this  application  asj 
follows  :  — 
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Aug.  4,  1899. 

The  State  Board  of  Health  received  from  you,  in  July,  1897,  aa  appli- 
cation for  advice  with  reference  to  a  proposed  water  supply  for  the  sum- 
mer settlement  known  as  Salter's  Point  in  South  Dartmouth,  in  which  you 
stated  that  experiments  were  being  conducted  with  a  view  to  obtaining 
water  from  the  ground  in  the  valley  of  a  small  brook  west  of  the  village,  ■ 
and  requested  the  advice  of  the  Board  as  to  the  use  of  water  from  the 
proposed  source  for  the  supply  of  the  village.  Subsequently  a  well  20 
feet  in  diameter  and  about  20  feet  in  depth  was  excavated  in  the  vicinity 
of  the  brook  referred  to ;  but  it  has  not  been  practicable  to  obtain  a  sample 
of  the  water  until  the  present  summer,  when  the  water  was  first  used  for 
the  supply  of  the  village. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engi- 
neers, and  a  sample  of  the  water  to  be  analyzed. 

The  results  of  the  analysis  show  that  the  water  is  quite  hard,  and  there 
are  indications  that  it  has  been  previously  polluted  by  sewage ;  but  the 
water  was  clear,  colorless  and  odorless,  and  practically  free  from  organic 
matter,  and  an  examination  of  the  surroundings  indicates  that  whatever 
polluted  water  may  find  its  way  to  the  well  must  pass  for  a  long  distance 
through  the  ground.  Under  the  circumstances  the  well  is,  in  the  opinion 
of  the  Board,  a  safe  source  from  which  to  take  water  for  the  supply  of  the 
village. 

With  regard  to  the  quantity  of  water  which  this  source  will  supply,  it  is 
difficult  to  make  a  definite  estimate,  but  it  appears  to  be  sufficient  for  the 
present  needs  of  the  village. 

Dartmouth  (Bay  View).  An  application  was  received,  Oct.  6, 
1898,  from  Franklyn  Rowland  of  New  Bedford,  for  the  opinion  of 
the  Board  with  reference  to  the  quality  of  the  water  of  a  well  used 
as  a  water  supply  for  Bay  View,  a  summer  resort  in  Dartmouth. 
To  this  application  the  Board  replied  as  follows  :  — 

Aug.  4,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  a  water  supply  for  the  summer  resort  known  as  Bay 
View,  in  the  town  of  Dartmouth,  and  has  caused  the  well  used  as  a  source 
of  supply  and  its  surroundings  to  be  examined  by  one  of  its  engineers,  and 
samples  of  the  water  to  be  analyzed. 

The  analysis  of  a  sample  of  water  collected  from  the  well  in  October, 
1898,  at  a  time  when  the  well  was  not  in  use,  showed  that  the  water  con- 
tained a  larger  amount  of  organic  matter  than  is  found  in  a  good  ground 
water,  and  it  was  also  slightly  turbid  and  colored,  and  had  a  noticeable 
odor  on  heating.  It  was  not  practicable  to  obtain  another  sample  during 
1898 ;  but  in  July  of  the  present  year,  while  the  well  was  being  used, 
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another  sample  was  collected,  which  was  found  to  be  clear,  colorless  and 
odorless,  and  practically  free  from  organic  matter.  The  water  of  the  latter 
sample  shows  evidence  of  having  been  at  some  time  polluted  and  subse- 
quently well  purified  in  its  passage  through  the  ground,  and  the  indications 
are  that  the  water  under  present  conditions  is  suitable  for  drinking  and 
other  domestic  uses ;  but  a  tight  cover  should  be  provided  over  the  top  of 
the  well,  so  that  no  surface  water  or  water  pumped  from  the  well  upon  the 
ground  about  it  can  enter  it. 

The  quantity  of  water  which  this  source  would  yield  is  likely  to  prove 
too  small  for  the  supply  of  the  inhabitants  of  Bay  View  in  a  very  dry  sea- 
son ;  and  its  location  is  such  that,  if  other  houses  are  built  in  the  region 
immediately  about  the  well,  and  from  which  the  well  receives  its  supply, 
the  quality  of  the  water  may  be  injuriously  affected. 

Under  the  circumstances,  since  an  additional  supply  is  likely  to  be  needed, 
it  would  be  best  to  select  a  source  at  such  a  distance  from  dwelling  houses 
that  it  is  likely  to  be  free  from  danger  of  sewage  pollution. 

Falmouth  (the  Falmouth  Water  Company) .  An  application  was 
received,  May  28,  1898,  from  the  Falmouth  Water  Company,  for 
advice,  under  chapter  375  of  the  Acts  of  1888,  relative  to  a  proposed 
water  supply  for  the  town  of  Falmouth,  and  for  the  approval  by  the 
Board,  under  chapter  QQ  of  the  Acts  of  1898,  of  the  use  of  the  water 
of  Long  Pond  in  Falmouth  and  of  water  taken  from  a  system  of 
tubular  wells  situated  between  Long  Pond  and  Grew's  Pond,  as 
sources  of  water  supply  for  that  town.  The  Board  replied  to  this 
application  as  follows  :  — 

June  2,  1899. 

The  State  Board  of  Health  received  from  you,  on  May  28,  1898,  an 
application  requesting  the  advice  of  the  Board,  under  the  provisions  of 
chapter  375  of  the  Acts  of  1888,  as  to  a  proposed  source  of  water  supply 
for  the  town  of  Falmouth,  and  requesting  the  approval  of  the  Board,  under 
the  provisions  of  chapter  66  of  the  Acts  of  1898,  of  the  use  of  the  water  of 
Long  Lake  (or  Pond)  in  Falmouth  and  the  water  taken  from  a  system  of 
tubular  wells  located  between  Long  Pond  and  Grew's  Pond,  for  the  supply 
of  the  town  of  Falmouth  for  domestic  use. 

The  application  was  accompanied  by  a  description  of  tests  which  had 
been  made  by  you  of  ground  in  the  vicinity  of  Grew's  Pond  and  the  south- 
erly end  of  Long  Pond,  and  soon  after  the  receipt  of  the  application  an 
examination  of  the  region  was  made  by  the  engineer  of  the  Board. 

Additional  wells  were  afterward  put  in,  and,  beginning  on  March  6, 
1899,  a  pumping  test  was  made  by  pumping  from  fifteen  wells  located  on 
the  southerly  shore  of  Long  Pond  and  in  the  narrow  strip  of  land  separat- 
ing Long  Pond  from  Grew's  Pond.     The  test  was  continued  for  a  period 
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of  nearly  six  days,  water  being  pumped  at  the  rate  of  250,000  gallons  per 
day,  and  during  the  test  samples  of  water  were  collected  by  you  and  sent 
in  for  analysis. 

Subsequently  a  diagram  was  received,  showing  the  location  of  the  wells 
which  it  is  proposed  to  use  as  sources  of  supply,  and  the  location  of  the 
pipe  thi'ough  which  it  is  proposed  to  draw  water  from  Long  Pond, 

The  Board  has  carefully  considered  the  application  and  plans  submitted, 
and  the  results  of  the  analyses  of  samples  of  water  from  the  wells  and  from 
Long  Pond. 

Samples  of  water  collected  from  the  fifteen  wells  refei'red  to  during  the 
pumping  test  in  March,  1899,  showed  that  the  water  was  clear,  colorless 
and  odorless,  and  that  it  was  very  soft  and  otherwise  of  excellent  quality 
for  the  purposes  of  a  public  water  supply.  The  wells  are  located  very  close 
to  the  pond,  and  on  this  account  it  is  possible  that  the  quality  of  the  water 
may  deteriorate ;  but  no  material  change  took  place  during  the  pumping 
test,  and  another  sample  collected  in  the  latter  part  of  May  in  the  present 
year  gave  no  indications  of  a  material  change  in  the  quality  of  the  water. 

With  regard  to  the  quantity  of  water  obtainable  from  these  wells  a  defi- 
nite estimate  cannot  be  made,  but  the  pumping  test  showed  that  water  can 
be  drawn  from  the  ground  in  this  region  with  much  freedom  ;  and,  consider- 
ing the  character  of  the  land  about  the  ponds,  the  situation  of  the  wells 
and  the  character  of  the  soil  in  which  the  wells  are  located,  it  seems  prob- 
able that  an  ample  supply  for  the  present  needs  of  the  town  can  be  obtained 
from  these  wells  without  the  use  of  water  from  Long  Pond. 

Long  Pond,  as  stated  in  a  previous  reply  of  the  Board  relative  to  this 
source,  is  capable  of  supplying  a  much  larger  quantity  of  water  than  is 
needed  by  the  town  of  Falmouth,  and  the  indications  are  that  the  water 
would  generally  be  of  excellent  quality  for  the  purposes  of  a  public  water 
supply ;  but  it  is  possible  that  it  may  be  subject,  in  common  with  many 
ponds  and  reservoirs,  at  occasional  periods  to  disagreeable  taste  and  odor. 

Under  the  circumstances,  it  will  be  best  to  use  the  water  of  the  wells  for 
the  supply  of  the  town,  unless  the  quality  shall  change  greatly  in  the  future 
after  continued  use,  of  which  the  analyses  at  present  give  no  indication. 

The  Board  hereby  approves  the  use  of  water  from  the  tubular  wells 
described  in  the  application,  and  located  on  land  between  Long  and  G-rew's 
ponds,  as  shown  upon  the  plan  entitled  "  Falmouth  Water  Company's 
Pumping  Station  and  Weil  System,  Falmouth,  Mass.  Scale,  1  inch=20 
feet,"  and  the  Board  also  approves  the  use  of  water  drawn  from  Long 
Pond,  as  shown  upon  the  above-mentioned  plan,  for  domestic  use  for  a 
water  supply  for  the  town  of  Falmouth,  under  the  provisions  of  chapter 
66  of  the  Acts  of  1898. 

Framingham  (State  camp  ground) .  An  application  was  received, 
Sept.  9,  1899,  from  the  medical  director  of  the  First  Brigade  Massa- 
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chusetts  Volunteer  Militia,  for  the  opinion  of  the  Board  with  refer- 
ence to  the  quality  of  the  water  supply  of  the  camp  at  South 
Framingham,  and  also  as  to  the  best  method  of  improving  the  sani- 
tary condition  of  the  camp.     The  Board  replied  as  follows  :  — 

Sept.  26,  1899. 

In  accordance  with  your  request  of  Sept.  9,  1899,  for  advice  with  refer- 
ence to  the  quality  of  the  water  used  at  the  State  camp  ground  at  South 
Framingham,  and  as  to  the  best  method  of  improving  the  sanitary  condi- 
tion of  the  camp  ground,  the  State  Board  of  Health  has  caused  the  locality 
to  be  examined  by  one  of  its  engineers,  and  samples  of  water  from  the. 
source  used  to  supply  the  camp  grounds  to  be  analyzed. 

The  results  of  the  analyses  show  that  the  water  is  soft,  nearly  colorless,, 
and  does  not  contain  an  excessive  amount  of  organic  matter  for  a  surface 
water,  and,  if  unpolluted  by  sewage,  the  source  would  be  a  suitable  one 
from  which  to  take  water  for  drinking  and  other  uses  at  the  camp  ground ; 
but  an  examination  of  the  water-shed  shows  the  presence  of  several  build- 
ings not  far  from  the  shore  of  the  pond,  from  which  it  is  probable  that 
polluting  matters,  under  present  conditions,  find  their  way  at  times  into 
the  pond.  It  appears  also  that  considerable  numbers  of  people  resorf  to 
the  pond  for  bathing  in  the  summer  season.  Under  these  circumstances,  the 
pond  cannot  be  considered  a  safe  source  from  which  to  take  water  directly 
for  drinking,  unless  the  pollution  of  the  pond  from  the  causes  indicated 
can  be  prevented.  It  is  probably  feasible  to  prevent  the  pollution  of  the 
pond,  but  it  might  be  more  expensive  to  keep  it  free  from  pollution  than 
to  secure  a  suitable  supply  in  some  other  way. 

There  are  indications  that  an  ample  supply  of  ground  water  could  be 
obtained  by  the  construction  of  a  well  or  filter-gallery  near  the  shore  of 
the  pond,  where  the  soil  is  coarse  and  porous,  so  far  as  can  be  judged 
from  surface  indications ;  and  a  good  ground  water  supply  would  be  more 
satisfactory  than  a  supply  taken  directly  from  the  pond,  even  if  the  pollu- 
tion were  prevented. 

It  appears  that  the  pipes  of  the  Framingham  Water  Company  are  already 
laid  to  the  vicinity  of  the  camp  grounds,  and,  if  a  satisfactory  arrangement 
to  supply  the  camp  grounds  can  be  made,  it  is  probable  that  the  best  way 
of  obtaining  a  suitable  water  supply  for  the  grounds  would  be  to  take 
water  from  these  works.  If,  however,  it  is  deemed  desirable  to  secure  an 
independent  supply,  the  Board  would  advise  investigations  with  a  view  to 
obtaining  a  supply  of  water  from  the  ground  in  the  vicinity  of  Learned's 
Pond,  your  present  source. 

"With  regard  to  the  sanitary  condition  of  the  camp,  the  investigations  of 
the  Board  show  that,  if  the  vaults  now  in  use  receive  sufficient  care,  and 
if  the  contents  are   disinfected  and  removed  at  frequent  intervals,  the 
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presence  of  these  vaults  need  not  be  a  nuisance  or  a  menace  to  the  health 
of  the  camp.  The  drainage  from  the  cook  houses,  however,  which  is  at 
present  discharged  upon  the  ground,  creates  a  serious  nuisance,  and  should 
be  disposed  of  in  some  more  suitable  manner.  It  does  not  appear  to  be 
practicable  to  construct  a  sewer  to  convey  this  drainage  to  the  Framing- 
ham  sewerage  system,  and  it  is,  of  course,  essential  to  keep  it  out  of  the 
small  stream  which  flows  near  the  camp ;  but  the  grounds  are  at  such  an 
elevation  above  the  valley  of  the  brook  that  it  appears  to  be  practicable 
to  convey  this  drainage  to  some  place  in  the  valley  of  the  brook,  and 
purify  it  upon  land  and  allow  the  eflluent  to  discharge  into  the  brook. 

The  Board  would  advise  that  you  have  a  plan  made  for  a  general  system 
of  sewerage  and  sewage  disposal  for  the  camp,  and  when  you  have  pre- 
pared such  a  plan  the  Board  will  upon  receipt  of  a  request  give  you  further 
advice  in  this  matter. 

Geanville.  An  application  was  received,  June  8,  1899,  from 
Claude  A.  Magill  and  others,  for  the  advice  of  the  Board,  with 
reference  to  a  source  of  water  supply  for  domestic  use  in  the  village 
of  Granville.     The  Board  replied  to  this  application  as  follows  :  — 

July  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  June  8,  1899,  an 
application  for  advice  with  reference  to  a  proposed  source  of  water  supply 
for  the  village  of  Granville,  in  which  two  sources  are  suggested,  one  being 
Seymour  Brook,  the  waters  of  which  would  be  taken  at  a  point  a  little  over 
a  mile  south-west  of  the  village,  and  the  other  a  brook  near  the  northerly 
side  of  the  road  from  Granville  to  Granville  Centre. 

The  Board  has  caused  the  water-sheds  of  both  brooks  to  be  examined 
by  one  of  its  engineers,  and  samples  of  the  water  of  each  brook  to  be 
analyzed. 

The  water  of  Seymour  Brook  is  soft,  but  is  highly  colored  and  contains 
a  large  amount  of  organic  matter,  which  would  make  it  objectionable  for 
many  domestic  purposes  ;  and  there  is  a  considerable  number  of  houses 
within  the  water-shed  of  the  brook,  several  of  which  are  located  not  far 
from  the  stream  or  its  tributaries.  Under  the  circumstances,  this  stream 
cannot  be  considered  a  suitable  source  of  domestic  water  supply. 

The  other  brook  has  the  advantage  of  being  much  nearer  the  village 
than  Seymour  Brook,  and  the  quality  of  its  water  is  much  better,  since  it 
is  soft,  has  but  little  color  and  does  not  contain  an  excessive  amount  of 
organic  matter ;  but  there  are  indications  that  the  water  of  this  brook  has 
been  somewhat  polluted  by  sewage,  and  the  examination  of  the  water- 
shed shows  that  a  portion  of  the  village  of  Granville  Centre  is  within  the 
water-shed  of  the  stream,  and  some  of  the  houses  are  close  to  a  tributary 
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of  the  brook.  With  these  conditions,  the  source  cannot  be  considered  a 
safe  one  from  which  to  take  water  directly  for  drinking  or  other  domestic 
purposes. 

The  quantity  of  water  needed  for  the  supply  of  the  village  of  Granville 
is  small,  and  the  examinations  made  by  the  Board  indicate  that  it  may  be 
practicable  to  obtain  a  sufficient  supply  of  good  water  by  constructing  a 
reservoir  upon  the  brook  above  the  place  where  the  pollution  from  the 
houses  referred  to  is  likely  to  affect  the  quality  of  the  water  of  the  stream ; 
and  the  Board  would  advise  that  you  made  further  investigations,  to  de- 
termine whether  it  is  feasible  to  construct  a  reservoir  upon  the  stream  at 
some  place  where  a  sufficient  supply  of  water  for  the  village  can  be  ob- 
tained and  danger  of  the  pollution  of  the  water  avoided. 

The  Board  will,  upon  application,  give  you  further  advice  in  this  matter 
when  you  have  the  results  of  further  investigations  to  present. 

Great  Barrington.  An  application  was  received,  July  14, 
1899,  from  the  water  commissioners  of  Great  Barrington,  for  advice 
with  reference  to  the  present  sources  of  water  supply  of  the  town, 
and  as  to  the  quality  of  the  water  of  a  spring  which  it  was  proposed 
to  divert  into  one  of  the  present  reservoirs.  To  this  application  the 
Board  replied  as  follows  :  — 

Oct.  5, 1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  present  sources  of  water  supply  of  the  town  of  Great 
Barrington  and  as  to  the  quality  of  the  water  of  a  spring  from  which  it  is 
proposed  to  divert  water  into  one  of  your  present  reservoirs,  and  has 
caused  the  present  sources  and  the  proposed  new  source  to  be  examined 
by  its  engineer,  and  samples  of  the  water  to  be  analyzed.  The  results  of 
these  and  of  previous  examinations  show  that  the  East  Mountain  reservoir, 
the  original  source  of  supply  of  the  town,  furnishes  a  water  that  is  quite 
soft  and  otherwise  of  good  quality  for  the  purposes  of  a  public  water  sup- 
ply, and  that  the  water  is  derived  from  a  mountainous  water-shed  free 
from  population ;  but  the  quantity  of  water  which  this  source  is  capable  of 
yielding  in  the  drier  portion  of  the  year  appears  to  be  only  a  small  portion 
of  the  quantity  required  to  supply  the  town ;  and  it  also  appears  that, 
even  when  the  yield  of  this  source  is  large,  the  quantity  of  water  that  can 
be  obtained  from  it  is  at  present  limited  by  the  small  carrying  capacity  of 
the  main  leading  to  the  town.  To  supply  the  remaining  quantity  of  water 
needed  by  the  town,  water  is  drawn  from  Green  River  south-west  of  the 
village  at  two  points,  from  one  of  which  the  water  is  pumped  into  the  low- 
service  system  and  from  the  other  to  a  reservoir  in  connection  with  the  high- 
service  system.  The  water  of  Green  River  is  nearly  clear  and  colorless 
under  ordinary  conditions,  but  it  is  much  harder  than  the  water  of  the  East 


No.  34.]        ADVICE   TO    CITIES   AND    TOWNS.  17 

Mountain  reservoir,  and  is  turbid  at  times  of  high  flow.  The  most  serious 
objection  to  the  use  of  this  stream,  however,  is  the  population  on  the  water- 
shed, by  which  the  water  is  exposed  to  pollution  by  sewage  ;  and,  under 
the  circumstances,  the  Green  River  must  be  considered  an  unsafe  source 
from  which  to  take  water  for  drinking  or  other  domestic  purposes. 

The  spring  indicated  by  you  from  which  it  is  proposed  to  divert  water 
into  the  East  Mountain  reservoir  would  furnish  a  water  of  good  quality ; 
but  the  quantity  of  water  which  this  spring  is  capable  of  supplying  would 
not  materially  increase  the  yield  of  the  East  Mountain  reservoir ;  and,  even 
if  the  whole  flow  of  the  brook  into  which  the  spring  discharges  should  be 
diverted  at  a  point  from  which  it  could  be  discharged  into  the  East  Moun- 
tain reservoir  by  gravity,  and  the  pipe  from  the  reservoir  to  the  town  should 
be  enlarged,  the  yield  of  the  reservoir  would  probably  still  be  so  small 
that  in  the  drier  portion  of  the  year  a  large  portion  of  the  supply  of  the 
town  would  have  to  be  furnished  from  some  other  source. 

In  view  of  the  circumstances,  the  Board  does  not  at  present  advise  the 
construction  of  works  for  diverting  the  water  of  the  spring  indicated  by 
you  into  the  East  Mountain  reservoir ;  but  the  Board  believes  it  important 
for  the  town  to  secure,  as  soon  as  practicable,  some  source  of  supply 
which  will  be  adequate  to  furnish  a  sufficient  quantity  of  good  water  for 
Great  Barrington,  in  order  that  the  use  of  water  from  Green  River  may  be 
discontinued.  If  a  source  can  be  secured  at  a  suflflcient  elevation  to  sup- 
ply the  town  by  gravity,  or  at  least  to  supply  the  low-service  districts  by 
gravity,  it  is  possible  that  the  annual  cost  of  the  new  works  might  not  be 
much  greater  than  the  cost  of  operating  the  present  systems. 

There  appear  to  be  sources  in  and  near  the  town  from  which  an  adequate 
supply  of  water  can  be  obtained,  among  which  are  Roaring  Brook,  Long 
Pond,  Prospect  Lake  and  Seekonk  Brook ;  and  the  Board  would  advise  the 
town  to  make  a  careful  examination,  before  any  partial  works  are  built,  of 
all  available  sources  in  the  neighborhood  of  the  village,  to  detei*mine  the 
probable  cost  of  the  construction  and  maintenance  of  works  from  such 
sources,  in  order  that  it  may  be  practicable  to  form  an  opinion  as  to  which 
source  will  be  the  most  appropriate  for  the  town  to  select.  Such  an  in- 
vestigation should  be  made  under  the  direction  of  an  engineer  of  experience 
in  matters  relating  to  water  supply. 

The  Board  will  assist  you  by  making  all  necessary  examinations  of 
samples  of  water,  and  will  furnish  you  with  such  information  as  it  may 
have  as  to  sources  in  the  vicinity  of  the  town  that  have  been  examined  by 
its  engineer.  "When  the  results  of  further  investigations  are  available,  the 
Board  will,  upon  application,  again  advise  you  as  to  any  plans  for  a  future 
water  supply  for  the  town  that  you  may  wish  to  present. 

Harvard  (Hildreth  Bros.).  On  March  9,  1899,  an  application 
was  received  from  Hildreth  Bros,  of  Harvard  for  advice  as  to  the 
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quality  of  the  water  of  a  well  used  as  an  auxiliary  source  of  supply 
for  the  village.     The  Board  replied  to  this  application  as  follows  :  — 

April  6,  1899. 

The  state  Board  of  Health  received  from  you,  on  March  9,  1899,  an 
application  stating  that,  acting  under  the  authority  granted  by  the  town, 
you  have  laid  pipes  in  the  streets  of  the  village  of  Harvard,  and  are  sup- 
plying several  families  in  the  village  with  water  for  drinking  and  house- 
hold purposes,  using  water  from  a  tubular  well  near  your  factory,  your 
original  source  of  supply,  but  that  recently  you  have  begun  the  use  of 
water  from  a  second  well,  known  as  well  No.  2,  and  you  desire  advice  as 
to  whether  the  water  of  this  well  is  suitable  for  use  as  an  auxiliary  source 
of  water  supply  for  the  village. 

The  Board  has  caused  an  examination  of  well  No.  2  and  its  surround- 
ings to  be  made  by  one  of  its  engineers,  and  a  sample  of  water  from  the  well 
to  be  analyzed.  The  results  of  this  analysis  show  that  the  water  is  free 
from  color  and  odor,  and  is  in  other  respects  of  good  quality  for  the  pur- 
poses of  a  public  water  supply,  and  that  it  is  much  less  hard  than  the 
water  of  well  ]^o.  1,  your  present  source  of  supply. 

It  appears  that  the  quantity  of  water  that  well  No.  2  is  capable  of 
furnishing  is  not  sufficient  for  the  requirements  of  the  portion  of  the  vil- 
lage at  present  supplied.  Nevertheless,  the  Board  is  of  the  opinion  that 
this  well  is,  under  the  circumstances,  a  suitable  auxiliary  source  of  water 
supply  for  the  portion  of  the  village  of  Harvard  referred  to;  and,  on 
account  of  the  fact  that  the  water  of  this  source  is  of  better  quality  than 
that  of  well  No.  1,  the  Board  would  advise  that  it  is  desirable  to  use  all 
the  water  that  this  source  will  furnish,  and  to  supply  such  further  quantity 
as  may  be  required  by  drawing  from  well  No.  1. 

HoLYOKE.  An  application  was  received,  Jan,  18,  1899,  from 
the  water  commissioners  of  Holyoke,  for  the  advice  of  the  State 
Board  of  Health  relative  to  a  proposed  high-service  system  of  water 
supply  for  the  city.  The  Board  replied  to  this  application  as 
follows :  — 

April  12,  1899. 

The  State  Board  of  Health  received  from  you,  on  Jan.   18,  1899,  an 
application  for  advice  with  reference  to  a  proposed  high-service  system  of 
water  supply  for  the  city  of  Holyoke,  and  subsequently  plans  and  a  report 
by  your  engineer  were  received,  showing  the  location  of  the  proposed , 
sources  of  supply,  and  describing  the  proposed  system  of  works. 

The  plan  is,  in  brief,  to  construct  a  storage  reservoir  on  Tatro  Brook, 
one  of  the  tributaries  of  Ashley  Pond,  which  flows  from  the  mountainous 
region  on  the  westerly  side  of  the  pond,  and  to  use  the  water  of  this  reser- 
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voir  for  the  supply  of  the  higher  portions  of  Holyoke  which  are  in  need  of 
a  supply  of  water  under  a  greater  pressure  than  is  furnished  by  the  present 
works.  The  total  population  in  the  district  which  would  probably  be  sup- 
plied from  a  high-service  system  is  at  the  present  time  probably  not  far 
from  6,000. 

According  to  the  plans  submitted,  the  proposed  high-service  reservoir 
on  Tatro  Brook  will  have  an  area  of  about  65  acres  and  will  contain  about 
300,000,000  gallons.  The  water-shed,  which  has  an  area  of  about  400 
acres,  contains  no  dwelling  houses  or  cultivated  land,  and  it  is  understood 
that  nearly  all  of  it  is  already  owned  by  the  city  of  Holyoke.  The  plans 
also  show  that  it  is  feasible  to  increase  the  drainage  area  of  the  proposed 
reservoir  on  Tatro  Brook  to  about  650  acres  by  diverting  into  it  the  water 
of  Dibble  Brook,  which  flows  near  by  at  a  higher  level. 

The  Board  has  carefully  considered  the  proposed  plans  and  has  caused 
the  proposed  sources  of  supply  to  be  examined  by  its  engineer,  and  sam- 
ples of  water  collected  from  Tatro  and  Dibble  brooks  to  be  analyzed. 
Analyses  of  the  water  of  Tatro  Brook,  upon  which  it  is  proposed  to  con- 
struct the  storage  reservoir,  show  that  the  water  has  but  little  color,  and 
contains  in  the  winter  months  only  a  small  amount  of  organic  matter,  and 
that  it  is  in  other  respects  of  good  quality  for  the  purposes  of  a  public 
water  supply.  Whether  the  quality  of  the  water  will  be  satisfactory  when 
stored  in  the  proposed  reservoir,  will  depend  largely  upon  the  care  taken 
in  the  construction  of  the  reservoir.  If  the  plan  submitted,  which  pro- 
vides for  cleaning  the  bottom  of  the  reservoir,  is  carried  out  completely, 
and  all  the  vegetable  matter,  soil  and  other  material  containing  organic 
matter  is  removed,  and  if  all  areas  of  swampy  land  within  the  water-shed 
are  thoroughly  drained,  so  that  the  water  falling  upon  the  ground  will  flow 
quickly  into  the  reservoir,  the  source  will  probably  furnish  a  water  of  good 
quality,  which  will  be  nearly  colorless,  and  seldom  if  ever  have  an  unpleasant 
taste  or  odor. 

The  water  of  Dibble  Brook  has  a  high  color  and  contains  a  large  amount 
of  organic  matter,  and  is  of  poor  quality  as  compared  with  the  water  of 
Tatro  Brook.  The  poor  quality  of  the  water  of  Dibble  Brook  is  due  to  the 
presence  of  a  large  swamp  in  the  central  portion  of  the  water-shed,  through 
which  practically  all  of  the  water  which  now  flows  past  the  point  at  which 
the  brook  can  be  diverted  into  the  proposed  Tatro  reservoir  has  to  pass. 
It  may  be  feasible,  by  constructing  drains  along  the  borders  of  this  swamp 
on  each  side,  to  intercept  the  water  flowing  from  the  higher  portions  of  the 
water-shed,  and  at  the  same  time  to  drain  the  swamp  thoroughly  and  pre- 
vent the  water  from  standing  thereon,  and  thus  to  improve  greatly  the 
quality  of  the  brook  water ;  and,  unless  a  great  improvement  shall  be  made 
in  the  quality  of  the  water,  it  is  important  that  the  water  of  Dibble  Brook 
be  kept  out  of  the  proposed  new  reservoir.  There  would  be  a  considerable 
advantage  in  improving  the  quality  of  the  water  of  this  brook,  even  if  it  is 
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not  to  be  used  as  an  auxiliary  supply  to  the  proposed  high-service  reser- 
voir, because  it  is,  under  present  conditions,  an  important  feeder  of  Ashley 
Pond. 

The  quantity  of  water  which  the  proposed  source  of  supply  will  yield 
without  the  addition  of  water  from  Dibble  Brook  will  probably  be  sufficient 
for  a  population  about  twice  as  great  as  is  found  in  the  proposed  high-ser- 
vice district  of  Holyoke  at  the  present  time ;  and,  if  it  is  found  to  be 
feasible  to  improve  the  water-shed  of  Dibble  Brook  so  as  to  obtain  a  water 
of  satisfactory  quality  therefrom,  a  considerably  larger  population  can  be 
supplied  from  these  sources. 

There  appear  to  be  no  means  of  estimating  at  all  definitely  at  the  present 
time  the  probable  future  increase  in  population  in  the  proposed  high-service 
district,  and  consequently  it  is  not  practicable  to  predict  definitely  for  how 
long  a  time  the  proposed  high-service  works  will  be  capable  of  supplying 
that  district ;  but  from  the  investigations  which  have  been  made  it  seems 
probable  that  the  proposed  high-service  sources  will  be  sufficient  for  the 
supply  of  the  high-service  district  for  about  as  long  a  time  in  the  future 
as  the  sources  now  used,  with  their  present  development,  will  be  adequate 
for  the  supply  of  the  low-service  district ;  and,  while  it  is  not  practicable 
to  determine  at  the  present  time  the  best  method  of  increasing  the  supply 
for  either  district  when  a  further  supply  shall  become  necessary,  it  may 
be  said  that  it  is  evident  from  these  investigations  that  a  sufficient  supply 
for  many  years  in  the  future  for  both  the  low  and  high  service  districts  can 
be  obtained  by  further  development  of  the  Manhan  River  source  in  con- 
nection with  the  present  works  and  the  proposed  high-service  reservoir. 

In  view  of  all  the  circumstances,  the  Board  is  of  the  opinion  that  the 
plan  providing  for  a  reservoir  on  Tatro  Brook  is  an  appropriate  one  for 
supplying  the  higher  portions  of  Holyoke,  which  are  either  already  in  need 
of  a  supply  under  greater  pressure  than  is  now  furnished  from  the  low- 
service  works,  or  seem  likely  to  require  such  a  supply  before  many  years. 

Holyoke  (American  Thread  Company) .  An  application  was  re- 
ceived, May  27,  1899,  from  the  American  Thread  Company  of 
Holyoke,  for  the  advice  of  the  Board  relative  to  the  quality  of  the 
water  of  wells  on  the  premises  of  the  company.  The  Board  replied 
to  this  application  as  follows  :  — 

July  7,  1899. 

In  response  to  j^our  application  for  advice  with  reference  to  the  quality 
of  the  drinking  water  used  at  the  Merrick  Thread  Company's  mill  No.  1  in  j 
Holyoke,  the  Board  has  caused   the  source    and  its  surroundings  to  be 
examined   by  one    of  its    engineers,  and   a   sample   of    the  water  to  be 
analyzed. 
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The  sources  of  the  drinking-water  supply  of  the  company  are  two  tubular 
wells,  located  in  the  mill  yard,  about  150  feet  from  the  canal  and  50  feet 
from  a  tail-race  which  leads  to  a  canal  at  a  lower  level.  There  is  evidence 
that  much  of  the  water  entering  the  wells  comes  by  filtration  through  the 
ground  either  from  the  canal  or  from  the  tail-race,  and  the  water,  both  of 
the  canal  and  tail-race,  is  highly  polluted  by  sewage. 

The  results  of  an  analysis  of  a  sample  of  water  from  the  wells  show  that 
it  has  been  polluted  by  sewage  and  not  well  purified  in  its  passage  through 
the  ground  to  the  wells. 

Under  the  circumstances,  the  Board  is  of  the  opinion  that  the  water  of 
these  wells  is  liable  to  be  injurious  to  the  health  of  those  who  may  use  it 
for  drinking,  and  would  advise  that  the  further  use  of  water  from  these 
wells  for  drinking  purposes  be  prevented. 

Hyde  Park.  A  communication  was  received  from  the  Board  of 
Health  of  Hyde  Park,  Sept.  1,  1899,  requesting  information  rela- 
tive to  ' '  the  condition  of  the  Hyde  Park  water  supply,  so  far  as  it 
may  affect  the  health  of  the  consumers  in  the  town."  The  Board 
replied  to  this  application  as  follows  :  — 

Nov.  3,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  informa- 
tion with  regard  to  the  condition  of  the  Hyde  Park  water  supply,  so  far  as 
it  may  affect  the  health  of  the  consumers  in  the  town,  and  has  carefully 
examined  the  results  of  chemical  analyses  of  the  water  covering  a  period 
of  several  years,  and  has  recently  caused  samples  of  water  drawn  directly 
from  the  wells  which  furnish  the  supply,  and  from  faucets  in  various  parts 
of  the  town,  to  be  analyzed. 

The  source  from  which  the  Hyde  Park  Water  Company  takes  its  sup- 
ply is  the  ground  near  the  Neponset  River,  from  which  water  is  drawn  by 
means  of  tubular  wells. 

Compai-ing  the  results  of  a  long  series  of  analyses  of  samples  of  water 
collected  from  the  wells  with  a  similar  series  of  analyses  of  samples  of  water 
from  the  river,  it  appears  that  the  changes  which  take  place  in  the  mineral 
constituents  of  the  water  correspond  in  a  large  degree  with  the  changes 
that  take  place  in  the  quantity  of  these  substances  in  the  water  of  the 
Neponset  River,  indicating  that  a  large  proportion  of  the  water  of  the 
wells  is  derived  from  the  river  by  filtration  through  the  ground. 

The  Neponset  River  receives  large  quantities  of  sewage  from  tanneries 
and  paper  mills,  and  certain  chemicals  present  in  the  sewage  of  the  tan- 
neries impart  a  distinct  odor  to  the  river  water.  In  the  recent  examina- 
tions of  water  from  the  wells  at  the  pumping  station  and  from  faucets  in 
Hyde  Park  the  odor  imparted  to  the  river  water  by  the  chemicals  referred 
to  has  been  detected. 
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The  Neponset  River  is  a  highly  polhited  stream,  and  the  safety  of  the 
water  of  the  wells  for  drinking  purposes  depends  upon  the  efficiency  of  . 
the  purification  of  the  river  water  which  finds  its  way  into  them  by  perco- 
lation through  the  ground.  An  examination  of  the  analyses  of  the  water 
supplied  to  the  town  from  the  wells  for  a  period  of  many  years  shows  that 
its  quality  has  very  greatly  deteriorated,  and  that  at  the  present  time  the 
quantity  of  organic  matter  present  is  much  larger  than  is  found  in  a  good 
ground  water,  indicating  that  the  water  filtering  from  the  river  is  imper- 
fectly purified. 

From  the  examinations  made  by  the  Board,  it  appears  pi'obable  that  the 
water  of  some  of  the  wells  is  of  very  much  poorer  quality  than  that  of 
others,  and  that  the  deterioration  in  the  quality  of  the  water  is  caused  by 
the  mingling  of  the  very  imperfectly  purified  water  from  some  of  the  wells 
with  the  water  of  other  wells  which  is  much  more  thoroughly  purified  in  its 
passage  through  the  ground. 

In  view  of  these  conditions,  the  water,  as  at  present  supplied  to  Hyde 
Park,  must  be  regarded  as  unsafe  for  drinking. 

It  is  probable  that,  by  a  careful  examination  of  all  of  the  wells  and  by 
discontinuing  the  use  of  those  which  furnish  water  of  suspicious  quality, 
the  quality  of  the  water  of  the  remaining  wells  would  be  such  that  it 
might  be  used  with  safety,  at  least  for  a  time ;  but,  in  order  to  make  it 
practicable  to  do  this,  it  will  probably  be  necessary  to  secure  an  additional 
supply  of  water  from  some  other  source,  and  a  sufficient  additional  supply 
should  be  secured  to  make  it  unnecessary  to  use  the  water  of  the  wells 
until  all  those  wells  which  are  liable  to  furnish  water  of  poor  quality  have 
been  cut  off  from  the  works. 

Lawrence.  A  communication  was  received  from  the  Lawrence 
water  board,  Jan.  18,  1899,  requesting  the  State  Board  of  Health  to 
furnish  ' '  a  report  of  the  state  and  quality  of  the  water  delivered  to 
the  citizens  during  the  past  four  weeks."  To  this  request  the  Board 
replied  as  follows  :  — 

Feb.  2,  1899. 

In  response  to  your  request  of  January  18,  the  Board  presents  the  fol- 
lowing result  of  its  examinations  of  the  Lawrence  water  since  Decem- 
ber 1  :  — 

From  the  1st  of  December  to  the  10th  the  water  was  of  ordinary  winter 
quality.  From  the  11th  through  the  month  to  the  3d  of  January  the 
chemical  examinations  show  no  marked  change  in  the  water;  but  the 
bacteriological  examinations  show  an  increased  number  of  bacteria,  which 
reached  its  height  about  the  24th  of  December  and  gradually  decreased  to 
the  normal  condition  on  January  3,  since  which  time  the  number  has  varied 
little  from  the  usual  condition  in  winter. 
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In  the  judgment  of  the  Board,  the  filter  is  now  efficiently  purifying  the 
water,  and,  whatever  effect  the  increased  number  of  bacteria  may  have 
liad,  the  condition  which  now  exists  is  one  in  which  the  water  may  be 
safely  used  for  domestic  purposes. 

Lowell.  The  State  Board  of  Health,  having  made  an  examina- 
tion of  the  water  supply  of  Lowell  with  reference  to  its  action  upon 
lead  service  pipes,  and  having  found  that  lead  was  present  often  in 
dangerous  quantities  in  the  water  drawn  through  such  pipes,  sent 
the  following  communication  to  the  mayor,  the  water  board  and  the 
board  of  health  of  Lowell :  — 

June  29,  1899. 

The  State  Board  of  Health  has  recently  made  investigations  in  the  city 
of  Lowell  with  reference  to  the  action  of  the  water  of  the  public  water  sup- 
plies of  the  city  upon  the  service  pipes  through  which  the  water  is  supplied 
to  consumers,  a  large  proportion  of  which,  it  appears,  is  of  lead. 

In  the  course  of  these  investigations  many  samples  of  water  have  been 
collected  from  lead  service  pipes  in  various  parts  of  the  city,  and  the 
results  of  the  analyses  have  shown  the  presence  of  lead  in  all  cases  where 
the  water  has  been  drawn  through  pipes  of  that  metal,  and  in  many  cases 
the  quantity  of  lead  present  has  been  found  to  be  dangerously  large. 

In  connection  with  this  investigation,  information  has  been  collected 
from  about  one-fifth  of  the  physicians  in  the  city,  who  report  about  40 
cases  of  lead  poisoning,  some  of  which  are  of  very  serious  character,  all  of 
which  have  occurred  within  the  last  five  years,  or  since  the  introduction 
of  well  water.  Wherever  practicable,  samples  of  drinking  water  supplied 
from  the  house  faucets  in  the  houses  of  persons  suffering  from  lead  poison- 
ing have  been  collected  and  analyzed,  and  the  results  in  all  cases  have 
shown  the  presence  of  lead,  generally  in  large  quantities. 

The  ground  waters  in  the  State  which  take  lead  from  pipes  are  found  to 
contain  an  excess  of  carbonic  acid,  and  the  waters  from  the  Cook  and 
Hydraulic  wells  are  found  to  contain  more  carbonic  acid  than  any  other 
water  supply  in  the  State.  The  water  from  the  Boulevard  wells  contains 
less  carbonic  acid  than  that  from  the  Cook  and  Hydraulic  wells,  and  some- 
what less  than  the  water  in  other  places  where  lead  poisoning  has  become 
serious. 

At  the  time  of  the  examinations  a  part  of  the  city  was  supplied  with 
water  from  the  Cook  wells  mixed  with  a  small  amount  of  water  from  the 
Hydraulic  wells  and  the  remainder  with  water  from  the  Boulevard  wells. 
Both  waters  attack  the  pipes,  and  sickness  is  found  in  houses  supplied  from 
all  the  sources,  though  the  water  of  the  Cook  and  Hydraulic  wells  appears 
to  take  up  a  larger  quantity  of  lead  from  the  pipes  than  the  water  of  the 
Boulevard  wells.     The  investigations  made  by  the  Board  ai-e  not  complete, 
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but  they  have  been  carried  far  enough  to  show  definitely  that  great  injury 
is  being  done  to  the  health  of  a  large  number  of  people  in  the  city  of 
Lowell  by  the  use  of  water  for  drinking  and  for  cooking  which  is  drawn 
through  lead  pipes. 

By  boiling  the  water  the  lead  is  not  driven  off,  but  may  be  concentrated, 
so  that  the  use  of  boiled  water  in  making  tea,  coffee,  etc.,  and  in  cooking 
may  result  in  as  sei'ious  injury  as  the  use  of  the  water  directly  for  drink- 
ing. If  the  water  is  allowed  to  run  freely  before  using,  the  quantity  of 
lead  taken  up  will  be  less  than  when  the  water  is  allowed  to  stand  in  the  . 
pipe  for  a  considerable  time  ;  but  even  when  allowed  to  run  freely  it  may 
contain  a  sufficiently  large  quantity  of  lead  to  produce  serious  injury,  and 
the  only  way  in  which  safety  can  be  insured  is  by  removing  all  lead  service 
pipe  which  conveys  water  used  for  drinking  or  for  cooking,  and  replacing 
it  with  a  pipe  which  will  not  be  attacked  by  the  water,  or,  if  attacked,  will 
not  be  liable  to  injure  the  health  of  those  who  use  the  water. 

The  other  examinations  of  these  waters  drawn  through  galvanized-iron 
pipe  show  the  presence  of  large  quantities  of  zinc,  so  that  the  coating  of 
zinc  is  not  likely  to  protect  the  pipe  for  any  considerable  length  of  time. 
The  indications  are  that  if  pipes  of  plain  wrought  iron  should  be  laid,  while 
no  injury  would  be  done  to  the  health  of  people  using  the  water,  large 
quantities  of  iron  might  be  dissolved  from  the  pipes,  rendering  the  water 
unsatisfactory.  Pipes  made  of  tin,  or  of  lead  lined  with  tin,  could  be  used 
with  safety  for  service  pipes,  and  pipes  of  iron  lined  with  cement,  where 
the  work  was  thoroughly  done,  would  also  be  satisfactory. 

Additional  investigations  having  been  made  at  Lowell  by  the 
State  Board  of  Health  with  reference  to  the  effect  of  the  public 
water  supply  upon  the  lead  service  pipes,  and  of  the  effect  of  its  use 
upon  the  health  of  the  citizens  of  Lowell,  another  communication 
was  addressed  to  the  mayor,  the  water  board  and  the  board  of  health, 
of  Lowell  as  follows  :  — 

Sept.  25,  1899. 

Since  June,  when  the  State  Board  of  Health  notified  you  of  the  danger 
to  the  citizens  of  Lowell  from  using  the  public  water  supply  drawn  through 
lead  pipes,  the  Board  has  been  informed  by  physicians  in  Lowell  of  33  new 
cases  of  lead  poisoning,  some  of  which  are  very  serious. 

It  now  appears,  from  the  reports  of  these  physicians,  who  comprise 
but  one-fourth  of  the  whole  number  of  physicians  practising  in  Lowell, 
that  in  their  practice  there  have  occurred  since  the  first  of  January,  1899, 
the  following  severe  cases  of  lead  poisoning,  namely :  9  cases  of  partial 
paralysis  of  the  legs,  10  cases  of  partial  paralysis  of  the  hands  and  wrists 
and  26  cases  of  lead  colic,  besides  many  cases  of  the  milder  effects  of  lead 
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poisoning,  which  were  arrested  by  treatment  and  discontinuing  the  use  of 
city  water. 

Further  examinations  for  lead  in  the  water  upon  the  south  side  of  the 
river  show  very  dangerous  quantities  existing  in  the  water  running  through 
the  pipes  when  in  ordinary  daily  use.  These  quantities  of  lead  average 
much  higher  than  those  found  last  year,  indicating  an  increased  action  of 
the  water  upon  the  pipes  from  year  to  year. 

As  before,  the  water  of  the  Cook  and  Hydraulic  wells  has  a  more  rapid 
action  upon  the  lead  than  the  water  from  the  Boulevard  wells.  The  amount 
of  lead  found  in  water  from  the  Cook  and  Hydraulic  wells  when  drawn  in 
houses  supplied  by  lead  pipe  during  the  hours  of  ordinary  daily  use,  during 
the  past  five  months,  has  averaged  0.41  of  an  ounce  of  lead  in  100,000 
ounces  of  water,  or  one-quarter  of  a  grain  per  gallon,  which  is  eight  times 
as  much  as  we  regard  a  dangerous  quantity ;  and,  in  the  opinion  of  the 
Board,  the  health  of  a  large  portion  of  the  people  of  Lowell  is  seriously 
endangered  by  using,  for  drinking  and  cooking,  water  from  the  Cook  and 
Hydraulic  wells  drawn  through  lead  pipe.  Nowhere  else  in  the  State  do' 
we  find  a  public  water  supply  acting  so  rapidly  upon  lead  pipe  and  with 
such  pernicious  results  ;  and  we  advise  that  measures  be  taken  without 
further  delay  to  prevent  the  continued  use  for  drinking  and  cooking  of  this 
water  drawn  through  lead  pipe. 

Water  from  the  Boulevard  wells  dissolves  lead  much  less  rapidly  than 
water  from  the  Cook  and  Hydraulic  wells  ;  in  fact,  the  examinations  for 
lead  in  water  in  Centralville,  where  none  but  Boulevard  well  water  enters, 
the  pipes,  indicate  an  amount,  when  running  in  ordinary  daily  use,  so  small 
that  we  should  not  regard  it  as  a  menace  to  the  public  health,  and  we  have 
learned  of  but  one  case  of  lead  poisoning  in  Centralville. 

On  the  south  side  of  the  river,  6  cases  of  lead  poisoning  were  found,, 
where  the  water,  at  the  time  of  examination,  was  Boulevard  well  water, 
and  some  of  this  water  contained  dangerous  quantities  of  lead ;  but  it  is 
probable  that  at  other  hours  of  the  day  or  night  these  pipes  receive  Cook 
well  water,  which  may  so  affect  the  lead  that  the  Boulevard  well  water, 
when  it  passes  through,  takes  up  more  lead  than  it  would  if  the  pipes  were 
exposed  to  its  action  alone. 

Water  from  the  Boulevard  wells,  after  standing  in  lead  pipes  over  night, 
contains  dangerous  quantities  of  lead,  and  all  such  water  should  be  wasted 
before  drawing  water  for  cooking,  and  water  for  cooking  should  not  be 
drawn  at  any  time  from  the  lead  hot-water  pipes.  With  these  precautions 
carried  into  practice,  the  Boulevard  well  water  can  at  present  be  used  with- 
out danger  from  lead  poisoning  with  the  ordinary  length  of  service  pipe ; 
and  this  water  is  as  good  in  other  respects  as  that  from  the  Cook  and 
Hydraulic  wells. 

To  guard  against  lead  poisoning  to  an  appalling  extent  in  the  city  of 
Lowell  two  courses  appear  to  be  at  hand,  —  one  is  to  remove  all  lead  ser- 
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■vice  pipes  through  which  water  from  the  Cook  and  Hydraulic  wells  is  drawn  * 
for  drinking  or  cooking,  and  the  other  is  to  cease  using  the  Cook  and 
Hydraulic  well  water  and  extend  the  Boulevard  well  system  to  supply  the 
whole  city.     The  public  health  requires  that  one  or  the  other  remedy  be 
applied  as  soon  as  possible. 

Lowell.  An  application  was  received,  Nov.  24,  1899,  from  the 
water  board  of  Lowell,  for  the  advice  of  the  State  Board  of  Health 
relative  to  certain  sources  of  water  supply.  The  Board  replied  to 
this  application  as  follows  :  — 

Dec.  29,  1899. 

The  State  Board  of  Health  received  from  you,  on  November  24,  an 
■application  for  its  assistance  in  the  examination  of  sources  of  water  supply 
of  Lowell,  in  which  you  refer  to  Beaver  Brook,  Forge  Pond  and  other 
sources  ;  and  the  Board  has  caused  an  examination  of  the  sources  of  sup- 
ply referred  to  and  others  in  the  vicinity  of  Lowell  to  be  made,  and  has 
caused  samples  of  the  water  to  be  analyzed. 

The  results  of  a  recent  analysis  of  the  water  of  Forge  Pond  and  of  an 
analj^sis  made  several  years  ago  indicate  that  the  water  is  quite  variable 
in  character.  There  are  large  swamps  within  the  water-shed,  and  in  its 
usual  condition  the  water  is  probably  quite  highly  colored  and  contains  a 
large  quantity  of  organic  matter.  The  analyses  also  indicate  that  the 
water  receives  considerable  pollution  from  the  villages  and  houses  within 
the  water-shed.  Under  the  circumstances,  it  is  doubtful  whether  it  is 
practicable  to  effect  a  sufficient  improvement  in  the  water-shed  of  this 
source  to  make  it  possible  to  obtain  from  it  a  water  of  satisfactory  quality 
for  the  supply  of  Lowell.  Moreover,  it  is  very  doubtful  whether  suitable 
storage  reservoirs  of  sufficient  capacity  can  be  provided  within  the  water- 
shed to  make  it  practicable  for  the  city  to  obtain  its  supply  from  this  source 
for  a  reasonable  time  in  the  future.  The  cost  of  damages  to  water  powers 
along  Stony  Brook  below  the  pond  would  increase  the  cost  of  a  supply  from 
this  source,  and,  considering  all  the  circumstances,  the  Board  does  not 
regard  it  as  an  appropriate  one  for  the  water  supply  of  the  city  of  Lowell. 

Beaver  Brook,  above  the  village  of  Collinsville,  drains  an  area  of  about 
88  square  miles,  nearly  all  of  which  lies  within  the  limits  of  the  State  of 
New  Hampshire.  The  water-shed  contains  the  towns  of  Derry,  London- 
derr3^,  Windham  and  Pelham,  and  portions  of  other  towns  in  New  Hamp- 
shire. This  source  would  furnish  sufficient  water  for  Lowell ;  but  the  water 
is  now  polluted  by  sewage  discharged  directly  into  the  streams  or  its  tribu- 
taries, and  it  would  be  impracticable  for  the  city  of  Lowell  to  prevent  the 
poUutiou  of  this  stream  in  New  Hampshire.  Under  the  circumstances, 
Beaver  Brook  would  not,  in  the  opinion  of  the  Board,  be  a  suitable  source 
•of  water  supply  for  the  city. 
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Among  other  sources  in  the  neighborhood  of  Lowell  an  examination  has 
been  made  of  the  tributaries  of  Stony  Brook  below  Forge  Pond,  to  see 
whether  they  are  capable  of  furnishing  a  sufficient  water  supply  for  Lowell ; 
but  it  does  not  appear  to  be  practicable  to  obtain  a  suitable  supply  of 
water  for  the  city  from  these  sources. 

Long  Pond  and  Tyng's  Pond  could  also  be  made  to  furnish  good  water 
by  removing  existing  sources  of  pollution,  but  both  together  would  not  fur- 
nish enough  water  for  the  present  needs  of  the  city.  Even  by  using  the 
tributaries  of  Stony  Brook,  in  addition  to  Long  and  Tyng's  ponds,  it  is  not 
likely  that  a  sufficient  quantity  of  water  could  be  obtained  for  more  than 
the  present  needs  of  the  city. 

Aside  from  the  sources  referred  to,  there  appear  to  be  no  other  surface 
waters  within  ten  miles  of  the  city  of  Lowell  that  are  capable  of  furnishing 
an  adequate  supply  of  suitable  water  for  the  city  at  a  reasonable  cost,  with- 
out purification. 

The  experience  with  the  ground-water  sources  used  for  the  supply  of 
Lowell  shows  that  the  water  of  the  Boulevard  wells  dissolves  lead  much 
less  rapidly,  when  supplied  through  lead  pipes,  than  water  from  the  other 
sources  used  for  the  supply  of  the  city ;  and,  where  Boulevard  water  alone 
is  used,  the  quantity  of  lead  taken  up  during  the  ordinary  day  use  is  so 
small  that  it  would  not  be  regarded  as  a  menace  to  the  public  health.  The 
Boulevard  wells  evidently  receive  a  portion  of  their  supply  from  the  land 
side,  and  the  remaining  portion,  which  is  probably  by  far  the  larger  one, 
by  filtration  through  the  ground  from  the  river.  The  ground  beyond  the 
present  north-westerly  limit  of  the  Boulevard  system  appears  to  be  of  a 
similar  character  to  the  ground  in  which  the  present  wells  are  located,  and 
it  seems  possible  that  a  considerable  additional  quantity  of  water  similar 
to  the  Boulevard  water  can  be  obtained  from  the  ground  by  extending  the 
well  system  farther  up  stream  through  this  territory  near  the  northerly  side 
of  the  river. 

It  is  highly  important,  in  the  opinion  of  the  Board,  either  that  the  lead 
pipes  be  promptly  removed  or  that  a  sufficient  supply  of  water  which  will 
not  attack  lead  pipes  be  secured  with  as  little  delay  as  practicable  ;  and  the 
location  and  arrangement  of  your  works  are  such  that  a  further  supply 
from  the  region  in  which  the  Boulevard  wells  are  located  could  probably  be 
introduced  in  a  shorter  time  and  at  less  expense  for  the  construction  of 
works  than  from  any  other  source,  and  there  would  be  no  extra  cost  to  the 
city  on  account  of  damage  to  water  power  if  more  water  should  be  taken 
from  this  region.  The  Board  would  therefore  advise  that  further  and 
sufficient  tests  be  made  beyond  the  upper  end  of  the  present  Boulevard 
system,  to  determine  whether  it  is  practicable  to  secure  in  this  region  a 
sufficient  additional  quantity  of  water  to  furnish  the  whole  supply  at  present 
required  by  Lowell,  so  that  the  use  of  water  from  the  Cook  and  Hydraulic 
wells  may  be  avoided. 
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The  valley  of  Beaver  Brook  above  CoUinsville  and  south  of  the  New 
Hampshire  State  line  is  nearly  uninhabited,  and,  judging  from  surface 
indications,  the  soil  in  this  region  may  be  favorable  to  furnishing  a  large 
quantity  of  water  from  the  ground.  If  it  is  not  feasible  to  obtain  sufficient 
water  by  extending  the  Boulevard  wells,  it  may  be  practicable  to  obtain  a 
suitable  additional  supply  in  this  territory  above  CoUinsville,  if  further 
tests  shall  show  that  the  water  is  of  suitable  quality  for  domestic  uses, 
and  that  it  is  not  likely  to  take  up  excessive  quantities  of  lead  from  lead 
pipes.  If  a  suitable  supply  of  water  can  be  obtained  in  this  region,  the 
water  can  be  diverted  into  your  present  system  without  special  difficulty ; 
but  the  cost  of  works  would  probably  be  greater  than  the  cost  of  a  supply 
from  the  vicinity  of  the  Boulevard  wells,  and  the  city  would  be  liable  for 
damages  to  the  owners  of  mill  privileges  on  the  stream  below  for  the  diver- 
sion of  water. 

The  Board  will  assist  you  in  the  investigations  by  making  the  necessary 
analyses  of  water,  and  will  give  you  further  advice  in  the  matter  if  you  so 
request,  when  the  results  of  the  investigations  are  available.  But  if,  upon 
investigation,  it  is  not  found  practicable  to  obtain  a  sufficient  additional 
supply  either  by  extending  the  Boulevard  wells  or  from  wells  in  the  valley 
of  Beaver  Brook  above  CoUinsville,  the  Board  would  advise  that,  unless 
you  are  aware  of  some  other  source  from  which  it  is  practicable  to  obtain 
an  adequate  additional  supply,  the  subject  of  securing  a  suitable  water 
supply  for  Lowell  be  committed  to  some  competent  engineer,  to  determine  d 
what  can  be  done  by  filtering  water  from  one  of  the  surface-water  sources  " 
in  the  neighborhood. 

Lowell  (Lowell  Bleachery  and  Dye  Works) .     An  application  was 
received  from  F.  I.  Walsh,  agent  of  the  Lowell  Bleachery,  request-  I 
ing  an   examination  of  the  water  now  used  at  the  bleachery,  with 
reference  to  its  use  for  drinking  purposes.     The  Board  replied  to 
this  application  as  follows  :  — 

July  7,  1899. 

In  response  to  your  application  of  March  18,  1899,  for  advice  with 
reference  to  the  use  of  water  of  the  Concord  River  after  filtration  through 
mechanical  filters  for  drinking  in  the  Lowell  Bleachery  and  Dye  Works,  tht 
State  Board  of  Health  has  caused  a  careful  investigation  of  the  operatioi 
of  the  filters  to  be  made,  and  numerous  samples  of  the  water  to  be  analyzec 
chemically  and  bacterially. 

The  Concord  River  receives  considerable  direct  pollution  by  sewage^ 
and  the  results  of  the  investigations  made  by  the  Board  show  that  on  some! 
days  a  large  percentage  of  the  bacteria  present  in  the  river  water  wasl 
removed  by  the  filters,  but  on  other  days  the  number  passing  through  was| 
a  very  large  proportion  of  the  bacteria  in  the  river  water,  and  included! 
kinds  that  show  that  the  filtered  water  is  at  times  dangerous  to  health  ;| 
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moreover,  alum  was  found  in  all  of  the  samples  of  filtered  water  analyzed 
chemically,  and,  taking  all  the  conditions  into  consideration,  the  filtered 
water  from  the  filters  in  your  works  cannot,  in  the  opinion  of  the  Board, 
be  regarded  as  a  safe  water  for  drinking. 

Medway.  The  board  of  health  of  Med  way  applied  to  the  State 
Board  of  Health,  Dec.  4,  1899,  for  its  advice  with  reference  to  the 
quality  of  the  water  of  a  well  used  as  a  source  of  water  supply  for 
the  town  poor  farm,  this  water  having  been  reported  to  have  a  dis- 
agreeable taste  and  odor.  The  Board  replied  to  this  application  as 
follows  :  — 

Jan.  5,  1900. 

The  State  Board  of  Health  has  caused  the  well  and  surroundings  to  be 
examined  and  a  sample  of  the  water  to  be  analyzed.  The  results  of  the 
analysis  indicate  that  the  water  is  somewhat  hard  and  contains  a  larger 
quantity  of  organic  matter  than  is  found  in  a  good  well  water,  and  there 
are  also  indications  that  the  water  has  at  some  time  been  slightly  polluted. 
Nevertheless,  if  the  water  is  properly  protected  from  pollution  by  matters 
entei'ing  the  well  from  the  surface,  it  is  probable  that  it  could  be  used  with 
safety.  The  well  does  not  appear  to  be  capable  of  yielding  a  sufficient 
supply  of  water  in  the  drier  part  of  the  year  for  the  requirements  of  the 
poor  farm,  and  under  the  circumstances  the  Board  would  advise  that  a 
supply  of  good  water,  sufficient  for  all  purposes  for  which  water  is  required, 
be  introduced  from  some  suitable  source  in  the  neighborhood. 

MiLFOED.  Information  having  been  received  by  the  State  Board 
of  Health,  in  the  wanter  of '1896-97,  that  a  serious  case  of  lead 
poisoning  had  occurred  in  Milford,  in  a  family  where  the  public 
water  supply  was  used,  the  State  Board  of  Health  ordered  an  inves- 
tigation to  be  made,  and  found  that  the  water  obtained  from  the  house 
where  this  patient  lived  "  contained  lead  sufficient  in  quantity  to  be 
injurious  to  those  who  used  the  water  for  drinldng."  The  Board 
therefore  notified  the  board  of  health  of  Milford  of  this  fact,  on  Jan. 
21,  1897,  in  order  that  they  might  "take  such  action  in  the  matter 
as  was  found  to  be  necessary." 

In  the  summer  of  1899  the  Board  made  further  examinations  of 
water  collected  from  lead  service  pipes  from  various  parts  of  the 
town,  and  communicated  the  results  of  the  investigation  to  the  board 
of  health  of  Milford,  as  follows  :  — 

July  7,  1899. 

In  a  communication  to  your  board,  in  1897,  the  State  Board  of  Health 
called  attention  to  the  danger  of  the  use  for  drinking  of  the  water  of  your 
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public  water  supply  drawn  through  lead  pipes,  and  this  Board  has  recently 
made  further  investigations  in  the  town  of  Milford  with  reference  to  the 
action  of  the  water  of  the  public  water  supply  upon  the  service  pipes,  most 
of  which,  it  appears,  are  of  lead,  through  which  the  water  is  supplied  to 
consumers. 

In  the  course  of  these  investigations  many  samples  of  water  have  been 
collected  from  lead  service  pipes  in  various  parts  of  the  town,  and  the 
results  of  the  analyses  have  shown  the  presence  of  lead  in  all  cases  where 
the  water  has  been  drawn  through  pipes  of  that  metal,  and  in  many  cases 
the  quantity  of  lead  present  has  been  found  to  be  dangerously  large. 

In  connection  with  this  investigation,  information  has  been  collected 
from  about  half  the  physicians  of  the  city,  who  report  about  30  cases  of 
lead  poisoning  in  the  towns  of  Milford  and  Hopedale,  some  of  which  are 
of  a  very  serious  character.  Wherever  practicable,  samples  of  drinking 
water  supplied  from  house  faucets  in  the  houses  of  persons  suffering  from 
lead  poisoning  have  been  collected  and  analyzed,  and  the  results  in  all 
cases  have  shown  the  presence  of  lead,  generally  in  large  quantities. 

The  ground  waters  in  the  State  which  take  lead  from  pipes  are  found  to 
contain  an  excess  of  carbonic  acid ;  and  the  water  of  the  Milford  supply 
has  been  found  to  contain  an  amount  of  carbonic  acid  that  is  only  exceeded 
in  the  water  supplies  of  three  places  in  the  State  which  have  been  investi- 
gated with  reference  to  their  action  on  lead  pipe.  The  investigations  made 
by  the  Board  are  not  complete,  but  they  have  been  carried  far  enough  to 
show  definitely  that  the  health  of  a  large  number  of  people  in  the  towns 
of  Milford  and  Hopedale  is  being  endangered  by  the  use  of  water  for 
drinking  and  cooking  which  is  drawn  through  lead  pipes. 

By  boiling  the  water  the  lead  is  not  driven  off,  but  may  be  concentrated, 
so  that  the  use  of  boiled  water  in  making  tea,  coffee,  etc.,  and  in  cooking, 
may  result  in  as  serious  injury  as  the  use  of  the  water  directly  for  drink- 
ing. If  the  water  is  allowed  to  run  freely  before'  using,  the  quantity  of 
lead  taken  up  will  be  less  than  when  the  water  is  allowed  to  stand  in  the 
pipe  for  a  considerable  time ;  but,  even  when  allowed  to  run  freely,  it  may 
contain  a  sufficiently  large  quantity  of  lead  to  produce  serious  injury ;  and 
the  only  way  in  which  safety  can  be  insured  is  by  removing  all  lead  pipe 
which  conveys  water  used  for  drinking  or  for  cooking,  and  replacing  it 
with  a  pipe  which  will  not  be  attacked  by  the  water,  or,  if  attacked,  will 
not  be  liable  to  injure  the  health  of  those  using  the  water. 

It  has  been  found  in  the  course  of  these  investigations  that  water  which 
attacks  lead  pipe  will  also  take  up  the  zinc  from  a  galvanized-iron  pipe,  so 
that  the  coating  is  not  likely  to  protect  the  galvanized-iron  pipe  for  any 
considerable  length  of  time.  The  indications  are,  that,  if  pipes  of  plain 
wrought  iron  should  be  laid,  while  no  injury  would  be  done  to  the  health 
of  people  using  the  water,  large  quantities  of  iron  might  be  dissolved  from 
the  pipes,  rendering  the  water  unsatisfactory.     Pipes  made  of  tin,  or  lead 
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lined  with  a  considerable  thickness  of  tin,  could  be  used  with  safety  for 
service  pipes,  and  pipes  of  iron  lined  with  cement,  where  the  work  was 
thoroughly  done,  would  also  be  satisfactory. 

MiLFORD.  An  application  was  received,  Sept.  15,  1899,  from  the 
Milford  "Water  Company,  asking  the  advice  of  the  State  Board  of 
Health  relative  to  the  use  of  a  small  pond  near  the  present  pumping 
station ;  and,  later,  additional  advice  was  requested,  with  reference 
to  preventing  lead  poisoning  caused  by  the  use  of  Milford  water 
drawn  through  lead  service  pipes.  The  Board  repKed  to  these 
applications  as  follows  :  — 

Jan.  0,  1900. 

The  question  of  the  use  of  the  small  pond  near  the  pumping  station  as 
an  additional  source  of  water  supply  for  Milford  was  considered  by  the 
Board  in  response  to  an  application  by  you  in  1894,  and  a  copy  of  the 
advice  of  the  Board  with  reference  to  the  use  of  this  source  at  that  time  is 
enclosed  herewith. 

The  recent  examination  that  has  been  made  by  the  Board  does  not  show 
that  any  change  has  taken  place  in  the  conditions  affecting  this  pond ;  but 
the  quality  of  the  water,  as  indicated  by  an  analysis  of  a  sample  sent  in 
by  you,  is  not  as  good  as  at  the  time  of  your  previous  application.  The 
water  is  likely  to  be  very  objectionable  if  supplied  directly  to  the  town,  on 
account  of  the  presence  of  a  large  quantity  of  organic  matter,  and  if  applied 
to  the  filters  it  may  cause  trouble  in  their  operation,  and  even  after  filtra- 
tion may  not  be  satisfactory.  Considering  the  small  yield  of  this  source 
and  the  poor  quality  of  the  water,  it  is  not  desirable,  in  the  opinion  of  the 
Board,  to  attempt  to  use  this  water  for  the  supply  of  the  town.  If  it  is 
necessary  to  empty  the  basin  near  the  pumping  station,  from  which  the 
present  supply  of  your  filters  is  drawn,  a  larger  quantity  of  water  than 
this  pond  would  furnish  can  be  obtained  from  the  stream  above  the  wells 
by  constructing  a  temporary  dam  if  necessary. 

The  Board  has  caused  the  wells  and  filters  from  which  the  water  supply 
of  Milford  and  Hopedale  is  drawn  to  be  examined  by  its  engineer,  and 
samples  of  the  water  of  the  wells  and  filters  and  of  the  Charles  River  to 
be  analyzed,  and  the  quantity  of  carbonic  acid,  to  which  the  action  of 
water  upon  lead  pipe  is  chiefly  due,  to  be  determined. 

As  a  result  of  these  examinations,  it  is  found  that  the  water  of  Charles 
River  and  of  the  filters  contains  so  small  an  amount  of  carbonic  acid  that 
these  waters  would  not  be  likely  to  attack  lead  pipe  to  such  a  degree  as 
to  cause  lead  poisoning.  Analyses  of  the  water  of  the  three  wells  show 
very  different  results.  The  water  of  well  No.  1,  which  is  nearest  the 
pumping  station,  was  found  to  be  of  poor  quality,  on  account  of  the  pres- 
ence of  an  excessive  quantity  of  iron,  and  to  contain  a  very  large  quantity 
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of  carbonic  acid,  which  would  undoubtedly  cause  it  to  take  up  large  quan- 
tities of  lead  in  passing  through  lead  pipes.  The  water  of  well  No.  2  was 
■of  better  quality  than  that  of  No.  1,  and  contained  about  a  quarter  as 
much' carbonic  acid  as  that  of  well  No.  1  at  the  time  the  examinations  were 
made,  but  still  a  much  larger  quantity  than  the  water  of  the  river  and  the 
^filters.  The  water  of  well  No.  3  (of  similar  quality  to  well  No,  2)  con- 
tained considerably  less  carbonic  acid  than  well  No.  2,  and  generally  not 
very  much  more  than  the  water  of  the  filters.  It  is  probable  that  the  action 
of  the  Milford  water  upon  lead  pipes  is  due  very  largely  to  the  presence 
of  an  excessive  quantity  of  carbonic  acid  in  the  waters  of  wells  Nos.  1 
and  2. 

If  the  use  of  water  from  wells  Nos,  1  and  2  should  be  discontinued,  and 
the  filtered  water  from  the  filter  near  well  No.  2  should  be  diverted  into 
well  No.  3,  it  is  probable  that,  if  the  water  of  well  No.  3  remained  the 
same  as  it  was  found  to  be  by  the  recent  analyses,  the  water  supplied  in 
this  way  would  not  seriously  attack  lead  pipes ;  but  it  is  impossible  to  tell 
■whether  the  ground  water  which  now  filters  into  wells  Nos.  1  and  2  would 
not  find  its  way  into  well  No.  3,  and  carry  enough  carbonic  acid  into  that 
source  to  cause  the  water  to  take  up  large  quantities  of  lead. 

The  Board  is  of  the  opinion  that  immediate  action  should  be  taken  to 
discontinue  the  use  of  water  of  wells  No.  1  and  No.  2,  to  turn  water  from  both 
filters  into  well  No.  3  and  supply  the  town  from  this  well,  and  then  see  if 
this  water  takes  lead  from  the  pipes. 

As  soon  as  the  proposed  change  is  made,  the  Board  will  make  further 
examinations  as  to  the  action  of  the  water  upon  lead,  and  be  prepared  to 
give  advice  as  to  future  action. 

Needham.  An  application  was  received  from  the  water  board  of 
Needham,  May  4,  1899,  for  the  advice  of  the  Board,  relative  to  an 
additional  water  supply  for  the  town  to  be  taken  from  wells  in  the 
neighborhood  of  its  existing  supply.  The  Board  replied  to  this 
application  as  follows  :  — 

June  14,  1899. 

The  State  Board  of  Health  received  from  you,  on  May  4,  1899,  an  appli- 
cation for  advice  with  reference  to  proposed  plans  for  increasing  the  water 
supply  of  the  town  of  Needham,  in  which  you  state  that  you  propose  to 
construct  another  large  well  east  of  your  present  well,  in  the  vicinity  of 
test  wells  Nos.  20  and  26,  shown  upon  the  plan  submitted  with  your  appli- 
cation. Subsequently,  the  results  of  tests  of  the  ground  by  means  of 
tubular  wells  located  in  the  region  in  which  it  is  proposed  to  construct  the 
new  well  were  submitted,  showing  the  character  of  the  soil  and  the  approxi- 
mate yield  of  the  wells  when  pumping  with  a  hand  pump.  You  state  also 
that  you  propose  to  construct  a  storage  basin  upon  Bird's  Hill  Brook  by 
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means  of  a  dam  across  the  brook  near  the  pumping  station,  as  proposed  in 
your  plan  submitted  last  year. 

The  Board  has  considered  the  plans  and  information  submitted,  and  has 
caused  the  locality  to  be  examined  by  its  engineer,  and  samples  of  water 
collected  from  time  to  time  since  your  investigations  were  begun  from 
several  of  the  test  wells  to  be  analyzed. 

The  results  of  the  analyses  of  samples  of  water  collected  from  these 
wells  in  the  latter  part  of  1898  indicated  that  the  water  of  some  of  the 
wells  had  been  highly  polluted,  but  subsequently  completely  purified  in  its 
passage  through  the  ground  to  the  wells.  Examinations  of  additional 
samples  of  water  from  the  wells  in  April  and  May  of  this  year  showed  that 
the  previous  pollution  of  the  water  was  considerably  less  than  at  the  time 
the  samples  were  collected  last  year,  and  that  the  quality  of  the  water  had 
improved.  The  cause  of  the  pollution  of  the  water  has  not  been  definitely 
determined,  but  it  is  apparently  due  to  the  presence  for  a  long  period  of  a 
large  piggery  and  a  large  amount  of  polluting  matter  upon  higher  land 
east  of  the  wells.  It  is  understood  that  pollution  from  this  source  has  been 
to  a  large  extent  prevented,  but  it  should  be  completely  removed  from  the 
neighborhood  if  water  is  taken  for  the  supply  of  the  town  from  the  pro- 
posed source.  The  water  in  its  present  state  is  well  purified  and  of  good 
quality,  and  is  not  greatly  different  from  that  of  your  present  sources  of 
supply.  Whether  it  will  improve  further,  or  deteriorate,  when  a  large 
quantity  of  water  is  drawn  from  the  ground,  cannot  be  predicted  with  cer- 
tainty ;  but  the  present  indications  are  that,  if  the  source  of  pollution 
referred  to  is  removed,  the  water  will  remain  satisfactory  for  drinking  and 
other  domestic  uses. 

The  soil  at  the  place  where  the  test  wells  are  located  is  coarse  and 
porous  to  a  considerable  depth  below  the  surface  of  the  ground,  and  water 
could  be  drawn  from  the  wells  in  large  quantities  with  much  freedom,  and 
the  soil  in  the  vicinity  of  the  wells  appears  also  to  be  very  coarse  and 
porous  ;  but  observations  upon  the  height  of  water  in  the  test  wells  show 
that  the  height  of  the  ground  water  in  their  vicinity  is  already  affected 
somewhat  by  pumping  from  the  present  well,  and  the  area  of  the  water- 
shed which  will  be  tributary  to  both  wells  is  small.  Nevertheless,  the 
lowering  of  the  ground  water  that  would  be  caused  by  pumping  from  a 
well  at  the  place  now  proposed  would  probably  make  available  a  much 
larger  portion  of  the  water  stored  in  the  ground  than  is  made  available  by 
pumping  from  the  present  well,  and  the  area  of  territory  from  which 
ground  water  is  influenced  to  flow  toward  the  wells  would  probably  be 
extended  considerably  beyond  the  limits  that  are  affected  by  pumping  from 
the  present  well.  While  the  indications  are  that  a  large  addition  to  your 
present  supply  of  water  can  be  obtained  by  the  construction  of  the  pro- 
posed new  well,  and  while  the  yield  of  the  wells  might  then  be  sufficient 
for  the  present  needs  of  the  town  in  a  very  dry  season,  the  yield  is  hardly 
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likely,  at  the  present  rate  of  increase  in  the  use  of  water  in  Needham,  to 
be  sufficient  for  the  supply  of  the  town  for  any  considerable  time  in  the 
future,  and  a  supply  from  a  new  source  is  likely  to  be  required. 

An  additional  supply  of  water  is,  however,  urgently  needed  at  the  present 
time,  and  so  far  as  is  now  known  the  most  practicable  way  of  obtaining 
such  a  supply  is  to  take  water  from  the  ground  at  the  place  proposed  in 
your  application ;  and,  under  the  circumstances,  the  Board  is  of  the  opinion 
that  it  is  advisable  to  construct  works  without  delay  for  taking  an  addi- 
tional supply  of  water  from  the  ground  in  that  vicinity.  On  account  of 
the  very  low  rainfall  in  the  months  of  April  and  May  of  the  present  year, 
and  the  indications  that  the  yield  of  your  present  works  may  become  insuf- 
ficient for  the  supply  of  the  town  considerably  before  the  end  of  the  pres- 
ent year,  it  is  probable  that,  if  the  construction  of  the  proposed  well  should 
be  begun  at  the  present  time,  the  necessary  pumping  at  the  excavation 
would  still  further  reduce  the  yield  of  your  present  source,  and  the  water 
pumped  from  the  excavation  would  not  be  suitable  to  supply  to  the  town. 
It  appears  to  be  feasible  to  connect  some  of  the  test  wells  already  driven 
near  the  site  of  the  proposed  well  to  a  pump,  and  to  pump  water  from 
them  through  a  temporary  force  main  into  your  present  well,  and  in  this 
way  to  obtain  a  large  increase  in  your  supply  to  meet  the  present  emer- 
gency ;  but  it  is  not  desirable  to  employ  a  large  force  of  men  in  construct- 
ing a  well  near  any  of  the  test  wells  while  the  water  is  being  used  for  the 
supply  of  the  town.  Under  the  circumstances,  the  Board  would  advise 
that  you  provide  a  pump  and  construct  such  temporary  works  as  may  be 
necessary  for  pumping  water  from  the  present  test  wells  and  such  addi- 
tional wells  as  may  be  found  desirable  into  your  present  well,  and  at  the 
same  time  cause  samples  of  the  water  to  be  collected  for  analysis,  to  learn 
what  changes,  if  any,  take  place  in  its  quality.  If  the  water  remains  sat- 
isfactory, the  construction  of  a  large  well  can  be  begun  at  such  time  as  it 
may  be  found  desirable  to  do  so,  and  much  additional  information  will  have 
been  obtained  as  to  the  probable  yield  of  the  works  and  the  quality  of  the 
water.  The  Board  will  cause  the  water  to  be  examined  at  such  times  as 
may  be  necessary  or  desirable,  jf  you  will  collect  the  samples. 

Regarding  the  plan  of  constructing  a  basin  near  the  pumping  station,  the 
Board  is  of  the  opinion  that  it  is  doubtful  whether,  even  if  a  large  propor- 
tion of  the  water  collected  by  the  basin  in  the  drier  portion  of  the  year 
should  enter  the  ground  and  reach  the  wells,  a  material  increase  would  be 
obtained  in  the  yield  of  the  wells ;  but  it  is  understood  that  it  is  desired  to 
construct  the  basin  in  part  for  ornamental  purposes,  and,  since  it  is  not 
likely  that  the  presence  of  the  proposed  basin  will  affect  the  quality  of  the 
water  of  the  wells  as  now  located,  there  appears  to  be  no  serious  objection 
to  the  carrying  out  of  this  portion  of  the  plan.  The  basin  would  not  be 
a  proper  source  from  which  to  draw  water  directly  for  supplying  the 
town. 
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North  Adams  (N.  L.  Millard  &  Co.).  An  application  was 
received,  Dec.  19,  1898,  from  N.  L.  Millard  &  Co.,  asking  the 
advice  of  the  Board,  relative  to  the  use  of  water  of  two  wells  beneath 
their  factory  for  drinking  purposes.  The  Board  replied  to  this  appli- 
cation as  follows :  — 

Apkil  6,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  the  use  of  water  from  two  wells,  situated  beneath  your 
factory,  for  drinking  purposes,  and  has  caused  the  locahty  to  be  examined 
by  its  engineer,  and  samples  of  the  water  to  be  analyzed.  The  results  of 
the  analyses  show  that  the  water  is  clear,  odorless  and  nearly  colorless, 
but  that  it  is  excessively  hard,  and  has  at  some  time  been  highly  polluted 
by  sewage  and  subsequently  well  purified  in  its  passage  through  the  ground. 
On  account  of  the  location  of  the  weUs,  in  a  densely  populated  territory 
not  far  from  the  river,  there  is  much  danger  that  the  quality  of  the  water 
may  further  deteriorate. 

In  view  of  the  circumstances,  the  Board  is  of  the  opinion  that  this  water 
is  not  fit  for  drinking,  and  would  advise  that  you  do  not  introduce  the 
water  into  the  pipes  through  which  water  for  drinking  is  supplied  to  the 
operatives  or  employees  of  the  factory. 

North  Adams.  A  communication  was  received  from  the  board 
of  health  of  North  Adams,  Sept.  14,  1899,  stating  that,  in  conse- 
quence of  a  scarcity  of  water  in  the  public  supply,  it  might  become 
necessary  to  take  water  from  artesian  wells  in  the  central  part  of 
the  city,  from  which  water  had  previously  been  used.  The  board 
of  health  therefore  requested  the  State  Board  to  make  an  examina- 
tion of  this  water,  and  give  its  opinion  with  reference  to  its  use  for 
domestic  purposes.  The  Board  replied  to  this  communication  as 
follows :  — 

Nov.  3,  1899. 

In  response  to  your  communication,  requesting  the  advice  of  the  Board 
as  to  the  quality  of  the  water  of  the  two  deep  tubular  wells  located  near 
the  central  part  of  the  city  of  North  Adams,  from  which  a  portion  of  the 
water  supply  of  the  city  is  sometimes  drawn,  the  Board  has  caused  the 
locality  to  be  examined  by  its  engineers,  and  a  sample  of  the  water  to  be 
analyzed. 

The  results  of  this  analysis,  and  of  several  analyses  made  in  previous 
years,  show  that,  while  the  water  is  generally  clear,  colorless  and  odorless, 
it  is  excessively  hard,  being  usually  several  times  as  hard  as  the  water  of 
your  present  supply  from  Notch  and  Broad  brooks.  It  is  also  evident 
that  the  water  entering  the  wells  has  at  some  time  been  polluted  by  sew- 
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age,  though  it  has  subsequently  been  well  purified  in  its  passage  through 
the  ground. 

The  wells  are  located  within  the  densely  populated  portion  of  the  city, 
and  it  is  evident  that  much  of  the  water  which  enters  them  percolates  down 
through  the  ground  in  their  immediate  vicinity.  It  also  appears  that  there 
has  been  complaint  of  the  quality  of  the  water,  and  that  it  is  believed  at 
times  to  have  injured  the  health  of  those  who  used  it. 

Considering  the  circumstances,  the  Board  is  of  the  opinion  that  these 
wells  are  not  suitable  sources  from  which  to  take  water  for  drinking,  and 
that  their  use  for  this  purpose  should  be  prevented. 

The  consumption  of  water  in  North  Adams  appears,  from  a  limited  num- 
ber of  observations,  to  be  much  greater  than  in  any  city  of  similar  size  in 
the  State,  where  records  of  the  quantity  of  water  used  are  kept,  and  it  may 
be  practicable  to  materially  reduce  the  consumption  of  water  in  the  city. 

It  is  evident  that,  with  your  present  consumption  of  water,  a  further 
supply  is  needed  even  in  a  year  of  ordinary  rainfall ;  and  the  Board  would 
advise  that  provision  be  made  without  delay  for  furnishing  a  sufficient 
supply  of  good  water  to  the  city,  even  in  the  driest  seasons. 

Northampton  (the  Mount  Tom  Sulphite  Pulp  Company) .  An 
application  was  received,  Aug.  23,  1899,  from  the  Mount  Tom  Sul- 
phite Pulp  Company,  for  the  advice  of  the  Board  relative  to  the 
quality  of  the  water  of  certain  tubular  wells  on  the  premises  of  the 
company.     The  Board  replied  to  this  application  as  follows  :  — 

Nov.  3,  1899. 

In  response  to  your  communication  of  August  23,  requesting  the  opinion 
of  the  Board  in  regard  to  the  quality  of  the  water  of  tubular  wells  located 
in  the  vicinity  of  the  works  of  the  Mt.  Tom  Sulphite  Pulp  Company,  in 
Northampton,  the  Board  has  caused  the  locality  to  be  examined  by  one 
of  its  engineers  and  samples  of  the  water  to  be  analyzed. 

The  analyses  show  that  the  water  is  of  good  appearance,  being  clear, 
nearly  colorless  and  odorless  ;  but  it  has  been  found  that  it  contains  man- 
ganese in  such  a  large  quantity  that  it  would  be  likely  to  prove  injurious 
to  those  who  might  use  the  water  for  drinking. 

Considering  the  circumstances,  the  Board  does  not  advise  the  use  of  this 
water  for  drinking  purposes. 

Plymouth.  An  application  was  received  from  the  board  of  health 
of  Plymouth,  June  21,  1899,  for  the  opinion  of  the  State  Board  of 
Health  relative  to  the  quality  of  the  water  of  the  Pilgrim,  or  Elder 
Brewster,  Spring,  near  the  centre  of  that  town.  The  Board  replied 
to  this  application  as  follows  :  — 


No.  34.]        ADVICE   TO    CITIES   AND    TOWNS.  37 

July  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  June  21,  1899,  an 
application  requesting  the  advice  of  the  Board  as  to  the  suitability  of  the 
water  of  the  Pilgrim,  or  Elder  Brewster,  Spring,  so  called,  in  the  town  of 
Plymouth,  for  drinking  purposes.  It  appears  that  the  water  of  this  spring 
has  for  several  years  been  supplied  to  a  drinking  fountain  in  the  centre  of 
the  town,  where  it  is  used  for  drinking  by  large  numbers  of  people  in  the 
warmer  portion  of  the  year. 

The  Board  has  caused  the  spring  and  its  surroundings  to  be  examined  by 
one  of  its  engineers,  and  a  sample  of  the  water  to  be  analyzed,  and  has 
considered  the  results  of  previous  analyses  of  the  water  made  by  the  Board 
in  1890  and  1896.  The  analyses  show  that  the  water  has  been  polluted, 
but  has  subsequently  been  well  purified  in  its  passage  thi'ough  the  ground. 
The  examinations  made  by  the  Board  indicate  that  the  water  of  this 
spring  in  its  present  state  is  safe  for  drinking,  but  the  situation  of  the 
spring  is  such,  being  in  the  midst  of  a  dense  population,  that  it  will  have 
to  be  carefully  guarded  from  pollution  in  the  future. 

If  the  spring  and  the  ground  in  the  region  about  it  are  kept  free  from 
pollution,  the  water  will  pi'obably  continue  to  be  safe  for  drinking  ;  but  it 
is  desirable,  on  account  of  the  situation  of  the  spring,  that  analyses  of  the 
water  be  made  from  time  to  time,  in  order  that  any  deterioration  in  its 
quality  may  be  detected. 

Provincetown  .  An  application  was  received  from  the  authori- 
ties of  Provincetown,  early  in  1896,  for  the  advice  of  the  Board 
relative  to  the  removal  of  iron  and  organic  matter  from  the  public 
water  supply  of  the  town.  Soon  after  receiving  this  application, 
examinations  of  the  water  were  made  and  experiments  with  reference 
to  its  purification  were  begun  under  the  direction  of  the  Board,  and 
the  following  communication  was  sent  to  the  water  commissioners, 
Aug.  4,  1899  :  — 

The  State  Board  of  Health  received  from  the  authorities  of  Province- 
town,  early  in  1896,  a  request  for  advice  as  to  purifying  the  public  water 
supply  of  the  town,  which  has  always  contained  an  excessive  amount  of 
iron  and  a  large  quantity  of  organic  matter,  making  the  water  offensive 
and  objectionable  for  many  domestic  uses.  Soon  after  the  receipt  of  this 
application,  examinations  of  the  water  were  made  and  experiments  with 
reference  to  its  purification  were  begun  under  the  direction  of  the  Board. 

The  source  of  water  supply  of  Provincetown  at  the  time  the  application 
was  made  was  a  system  of  tubular  wells,  which  was  first  used  in  the  latter 
part  of  1893,  when  the  public  water  supply  was  fii'st  introduced.  While 
the  investigations  were  in  progress,  in  the  early  part  of  1898,  a  change  was 
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made  in  the  source  of  supply,  and  a  basin  was  excavated  in  the  ground 
near  the  pumping  station,  from  which  all  of  the  water  used  for  the  supply 
of  the  town  has  been  drawn  since  that  time,  and  the  tubular  wells  have 
been  abandoned.  The  change  in  the  source  of  supply  seems  to  have  been 
of  advantage,  in  that  the  basin  furnishes  an  ample  quantity  of  water  at  all 
times,  while  the  wells  formerly  used  required  cleaning  from  time  to  time, 
on  account  of  clogging. 

Previous  to  the  construction  of  the  basin,  the  quality  of  the  water  of  the 
wells  had  varied  considerably  from  time  to  time ;  but  the  quantity  of  iron 
in  the  water  had,  on  the  whole,  greatly  increased  since  the  works  were 
constructed,  and  there  was  a  large  increase  also  in  the  quantity  of  organic 
matter.  After  the  new  basin  was  constructed  and  the  use  of  water  from 
this  source  was  begun,  the  quantity  of  iron  decreased  greatly  and  became 
smaller  than  at  any  time  since  the  works  were  constructed.  After  about 
six  months'  use,  however,  the  iron  increased  rapidly,  and  became  nearly 
as  great  as  in  the  water  of  the  tubular  wells  before  they  were  abandoned. 

The  examinations  of  the  water  have  also  shown  that  it  contains  at  times 
gases  which  will  act  rapidly  upon  iron  when  exposed  to  the  water,  but  at 
other  times  these  gases  appear  to  be  absent.  It  is  also  found  that  there 
is  a  considerable  growth  of  filamentous  algae  in  the  open  basin. 

The  great  changes  in  the  quantity  of  iron  present  in  the  water  from  time 
to  time  and  the  variations  in  the  quality  of  the  water  in  other  respects  are 
such  that  a  method  of  purifying  it  that  is  successful  at  one  time  may  be 
entirely  inadequate  for  the  purpose  in  another  season  of  the  year ;  and  it 
is  these  changes  in  the  quality  of  the  water  which  render  it  difficult  of 
purification  at  all  times ;  but,  as  a  result  of  the  investigations  by  the 
Board,  a  method  of  purification  has  been  found  which  is  adapted  for  all 
of  the  various  conditions  of  the  water  that  have  thus  far  been  observed, 
and,  so  far  as  our  investigations  have  shown,  has  always  given  satisfactory 
results  without  increasing  the  hardness  of  the  water  or  injuring  it  in  any 
other  way  ;  in  fact,  the  indications  seem  to  be  that  the  hardness  will  be 
considerably  reduced  in  the  operation. 

While  the  method  of  purification  referred  to  has  been  found  satisfactory, 
the  experiments  have  necessarily  been  made  upon  a  small  scale,  and  it  is 
impracticable  to  determine  satisfactorily,  without  experiments  upon  a 
larger  scale,  the  size  of  filters  and  other  works  that  will  be  necessary  to 
purify  the  water  at  all  times,  and  at  the  same  time  secure  the  greatest 
economy  in  the  first  cost  of  the  works  and  in  their  operation.  Such  an 
experiment  should  be  made  by  means  of  works  located  in  the  vicinity  of 
your  pumping  station ;  and,  if  the  town  will  provide  such  tanks  and  mate- 
rials as  are  necessary  to  make  a  suitable  test,  the  Board  will  advise  as  to 
the  construction  and  operation  of  a  suitable  experimental  plant,  and  will 
make  such  other  investigations  as  may  be  necessary.  After  sufficient  in- 
formation has  been  secured  for  the  purpose,  the  Board  will  advise  as  to 
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the  works   necessary  for   effectually  purifying   the  water   supply  of   the 
town. 

It  is  estimated  that  a  suitable  experimental  plant  for  the  purpose  can  be 
prepared  in  the  vicinity  of  your  pumping  station  at  a  cost  of  not  over 
),  and  probably  at  a  smaller  cost. 


Randolph.  An  application  was  received  from  the  board  of  health 
of  Eandolph,  June  5,  1899,  for  advice  relative  to  the  quality  of  the 
water  of  a  well  which  is  used  for  the  supply  of  several  families  in 
that  town.     The  Board  replied  to  this  application  as  follows  :  — 

June  30,  1899. 

In  response  to  your  application  of  June  5,  1899,  for  advice  as  to  whether 
or  not  the  water  in  the  well  on  the  premises  of  Alice  Keuney,  on  Ward 
Street  in  the  town  of  Randolph,  is  unfit  for  domestic  use  and  likely  to  im- 
peril the  public  health,  the  Board  has  caused  the  well  and  its  surroundings 
to  be  examined  and  a  sample  of  the  water  to  be  analyzed. 

The  well,  which  appears  to  be  used  by  several  families,  is  located  in  the 
thickly  populated  portion  of  the  village,  and  there  are  many  privies  and 
cesspools  in  its  neighborhood.  The  analysis  of  a  sample  of  the  water 
shows  that  the  water  which  enters  the  well  has  been  highly  polluted  by 
sewage,  and  has  not  been  purified  in  its  passage  through  the  ground. 

With  these  conditions,  the  Board  is  of  the  opinion  that  the  water  of  this 
well  in  its  present  state  is  liable  to  be  injurious  to  the  health  of  those  who 
may  use  it  for  drinking  or  other  domestic  purposes  and  is  unfit  for  domes- 
tic use.  There  appears  to  be  no  practicable  way  in  which  the  quality  of  the 
water  of  the  well  can  be  improved  sufficiently  to  make  it  safe  for  drinking. 

EussELL.  An  application  was  received,  June  20,  1899,  from 
William  B,  Shelley,  requesting  the  advice  of  the  Board  relative  to  a 
proposed  water  supply  for  the  town  of  Russell,  to  be  taken  from 
Black  Brook  in  that  town.  The  Board  replied  to  this  application 
as  follows  :  — 

July  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  June  20,  1899,  an 
application  for  advice  with  reference  to  a  proposed  source  of  water  supply 
for  the  town  of  Russell,  in  which  you  state  that  it  is  proposed  to  take  water 
from  Black  Brook,  at  a  point  about  one  mile  from  the  Boston  &  Albany 
Railroad  station,  and  at  an  elevation  of  about  150  feet  above  the  track. 
The  application  was  accompanied  by  a  plan  showing  the  location  of  a  pro- 
posed dam  upon  the  brook. 

The  Board  has  caused  the  water-shed  of  the  brook  to  be  examined  by 
one  of  its  engineers,  and  a  sample  of  the  water  collected  near  the  site  of 
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the  proposed  dam  to  be  analyzed.  The  results  of  the  analysis  show  that 
the  water  is  soft,  odorless  and  has  but  little  color,  and  that  it  is  otherwise 
of  good  quality  for  the  purposes  of  a  public  water  supply. 

The  examination  of  the  water-shed  shows  that  there  are  several  farm- 
houses upon  it,  most  of  which  are  located  near  the  edges  of  the  water- 
shed, and  at  a  considerable  distance  from  the  stream  and  its  tributaries. 
An  examination  of  the  location  of  the  houses  nearer  the  central  portions  of 
the  water-shed  indicates  that  the  pollution  of  the  water  of  the  brook  from 
these  houses  can  be  prevented  without  serious  trouble. 

If  suitable  precautions  are  taken  to  prevent  the  pollution  of  the  brook 
by  sewage  from  houses  on  its  water-shed,  the  Board  is  of  the  opinion  that 
this  source  will  be  a  suitable  one  for  the  supply  of  the  village  of  Russell. 

Salem.  A  communication  having  been  received,  Jan.  1,  1899, 
by  the  State  Board  of  Health,  from  the  Salem  water  board,  to  the 
effect  that  complaints  had  been  received  relative  to  the  taste  of  the 
water  furnished  from  their  sources  of  supply,  the  State  Board  of 
Health  caused  these  sources  to  be  examined  by  one  of  its  engineers, 
together  with  the  results  of  numerous  analyses  which  had  been  made 
of  the  water  of  Wenham  Lake  and  Longham  reservoir,  and  addressed 
the  following  communication  to  the  water  board  of  Salem  :  — 

March  17,  1899. 

The  results  of  the  analyses  show  that  the  water  of  Wenham  Lake  has 
contained  more  color  and  considerably  more  organic  matter  in  the  last  four 
years  than  was  the  case  for  many  years  previously,  a  condition  which  has 
apparently  been  chiefly  due  to  the  introduction  of  water  from  the  Longham 
source,  which  is  very  highly  colored  and  usually  contains  a  very  large 
quantity  of  organic  matter.  The  bad  taste  and  odor  which  you  have  no- 
ticed recently  in  the  water  from  the  lake  have  probably  been  due  to  the 
presence  of  organic  matter,  and  our  investigations  show  that  microscopic 
organisms  are  present  in  this  water  at  times  in  considerable  numbers.  The 
cause  of  the  presence  and  growth  of  such  organisms  in  surface  waters  is 
not  definitely  known,  but  the  numbers  are  apparently  dependent  largely 
on  the  nitrogenous  matter  contained  either  in  the  bottom  of  the  pond  or  in 
the  water  which  enters  it.  The  very  large  quantity  of  organic  matter 
usually  present  in  the  water  of  Longham  reservoir  is  favorable  to  the  de- 
velopment of  microscopic  organisms,  and  the  introduction  of  this  water 
into  Wenham  Lake  has  evidently  had  an  unfavorable  influence  upon  the 
quality  of  the  water  of  the  lake.  It  is  important  that  as  small  an  amount 
as  possible  of  water  from  the  Longham  source  be  drawn  into  Wenham 
Lake,  and  that  the  Longham  water  be  used  so  far  as  practicable  only  at 
times  when  its  quality  is  least  objectionable.     A  great  improvement  could 
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apparently  be  made  in  the  quality  of  the  Longham  water  by  certain  changes 
and  improvements  in  the  reservoir  and  its  water-shed,  as  suggested  in  a 
px'evious  communication  of  the  Board. 

An  application  was  received  from  the  Salem  water  board,  Dec.  7, 
1899,  requesting  the  opinion  of  the  State  Board  of  Health  as  to  the 
fitness  of  the  water  of  Longham  Brook  for  use  in  connection  with 
the  water  of  Wenham  Lake.  The  Board  replied  to  this  application 
as  follows :  — 

Dec.  22,  1899. 

The  State  Board  of  Health  received  from  you,  on  Dec.  7,  1899,  a  com- 
munication stating  that,  on  account  of  the  low  state  of  the  water  in  "Wen- 
ham  Lake,  you  desire  to  turn  the  water  of  Longham  Brook  into  the  lake  as 
soon  as  its  condition  will  permit,  and  you  request  the  advice  of  the  Board 
as  to  the  fitness  of  the  Longham  water  for  use  in  connection  with  the  water 
of  the  lake,  and  as  to  the  probability,  if  the  water  is  not  now  suitable,  of 
its  becoming  improved  by  the  conditions  which  are  likely  to  prevail  during 
the  winter  months. 

The  results  of  analyses  of  samples  of  water  collected  from  the  basin  on 
Longham  Brook  have  shown  that  it  is  highly  colored,  and  contains,  espe- 
cially in  the  summer  season,  a  very  large  quantity  of  organic  matter,  and 
the  turning  of  such  water  into  "Wenham  Lake  would  have  a  very  unfavorable 
effect  upon  its  quality.  In  the  earlier  months  of  the  year,  usually  from 
January  until  the  end  of  April,  when  there  is  a  large  quantity  of  water 
flowing  through  the  reservoir,  the  water  is  less  highly  colored  and  contains 
a  much  smaller  quantity  of  organic  matter  than  during  other  portions  of 
the  year.  It  appears  that  the  basin  has  now  been  empty  for  several  weeks, 
but  the  most  recent  analyses  show  that  the  quality  of  the  water  of  the 
brook  at  the  present  time  is  not  as  good  as  the  water  of  the  basin  was 
found  to  be  during  the  winter  and  early  spring  months  of  the  year,  and  it 
seems  reasonable  to  expect  that  the  quantity  of  organic  matter  in  the 
brook  water  will  become  considerably  less  in  the  near  future,  while  at  the 
same  time  the  flow  of  the  brook  will  be  considerably  greater.  There  are 
indications  that  the  turning  of  the  water  of  the  Longham  Brook  source 
into  Wenham  Lake  has,  at  times  in  the  past,  had  an  unfavorable  influence 
upon  the  quality  of  the  water  of  the  lake  ;  and  it  is  desirable,  under  present 
conditions,  to  divert  as  little  water  as  practicable  from  this  source  into  the 
lake,  and  to  so  divert  it  only  at  the  season  of  the  year  when  the  quantity 
of  organic  matter  in  the  Longham  water  is  at  the  minimum. 

The  results  of  recent  analyses  of  Longham  water  show  that  it  was  better 
during  November  than  earlier  in  the  fall,  but  it  was  not  so  good  in  the 
early  part  of  December  as  in  the  preceding  month  ;  and,  under  the  circum- 
stances, if  further  lowering  of  the  water  in  the  lake  will  not  interfere  with 
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the  efficiency  of  the  works  of  either  of  the  cities  of  Salem  or  Beverly,  the 
Board  would  advise  that  you  delay  using  the  water  of  Longham  Brook 
until,  by  making  weekly  examinations,  it  is  found  that  the  water  is  of  bet- 
ter quality  than  it  has  been  found  to  be  thus  far  this  fall.  It  will  be  essen- 
tial to  watch  the  quality  of  the  water  carefully,  especially  after  the  first 
heavy  rains,  which  may  have  an  unfavorable  effect  upon  its  quality  for  a 
time.  The  Board  will  cause  the  necessary  analyses  to  be  made  if  you  will 
collect  the  samples. 

The  consumption  of  water  in  Salem  and  Beverly  is  likely  to  increase  in 
the  future,  and  it  will  become  necessary  to  draw  larger  and  larger  quanti- 
ties from  the  Longham  source  into  Wenham  Lake.  The  effect  upon  the 
quality  of  the  water  of  the  lake  is  likely  to  become  more  noticeable  as 
greater  quantities  of  water  from  the  Longham  source  are  diverted  into  it ; 
and  the  Board  would  again  advise  that  the  question  of  the  improvement  of 
the  Longham  source  be  carefully  investigated,  with  a  view  to  securing  a 
water  of  much  better  quality  than  it  is  capable  of  furnishing  under  present 
conditions,  and  one  which  will  not  be  likely  to  have  an  unfavorable  effect 
upon  the  quality  of  the  water  of  Wenham  Lake. 

Springfield.  An  application  was  received  from  the  water  board 
of  Springfield,  Jan.  12,  1899,  in  which  it  was  stated  that  the  board 
of  water  commissioners  of  Springfield  had  voted  to  draw  ofi"  the 
water  of  Ludlow  reservoir  early  in  the  coming  season,  in  order  that 
the  bed  of  the  reservoir  might  be  examined,  and  estimates  obtained 
of  the  cost  of  removing  the  deposit  at  the  bottom. 

Meanwhile,  in  order  to  insure  a  full  supply  of  water,  it  was  pro- 
posed to  draw  water  from  Five  Mile  Pond,  and,  if  necessary,  to  use 
this  water  and  that  of  Loon  Pond  as  an  emergency  supply.  The 
opinion  of  the  "Board  was  requested  with  reference  to  the  quality  of 
these  waters.     To  this  application  the  Board  replied  as  follows  :  — 

Feb.  2,  1899. 

The  State  Board  of  Health  received  from  you,  on  Jan.  12,  1899,  an  ap- 
plication stating  that  you  propose  to  draw  off  the  water  of  Ludlow  reservoir 
early  in  the  coming  season,  in  order  that  the  bed  of  the  reservoir  may  be 
•examined  and  the  amount  of  objectionable  material  at  the  bottom  meas- 
ured ;  and  that,  in  order  to  insure  a  full  supply  of  water  to  the  city  during 
the  time  that  the  reservoir  is  empty,  j^ou  propose  to  supplement  the  supply 
from  the  canals,  Ludlow  basin  and  Chapin  Pond,  by  the  use  of  water  from 
Five  Mile  and  Loon  ponds,  if  necessary  ;  and  you  request  the  advice  of  the 
Board  as  to  whether  the  quality  of  the  water  of  those  ponds  is  suitable  for 
the  supply  of  the  city. 

The  Board  has  carefully  considered  your  proposed  plan,  and  the  results 
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of  examinations  which  have  been  made  of  the  proposed  sources  of  supply 
from  time  to  time  for  several  years. 

The  results  of  chemical  analyses  of  samples  which  have  been  collected 
and  sent  in  by  you  at  regular  intervals  since  1896  show  that  the  waters  of 
these  ponds  are  soft,  nearly  colorless,  and  generally  of  good  quality  for  the 
purposes  of  a  public  water  supply. 

The  microscopical  examinations  have  shown  the  presence  at  times  of 
considerable  numbers  of  organisms,  of  kinds  which  have  been  known  to 
impart  to  water  a  disagreeble  taste  and  odor ;  but  it  does  not  seem  proba- 
able,  from  these  examinations,  that  troubles  from  this  cause  will  be  fre- 
quent or  long-continued.  The  ponds  do  not  appear  to  be  exposed  to  serious 
danger  of  pollution  by  sewage,  excepting  perhaps  from  visitors  in  the 
summer  season,  and  danger  of  pollution  of  the  ponds  from  this  cause  can 
be  prevented. 

It  is  not  practicable  to  estimate  definitely  the  probable  yield  of  these 
sources  of  supply,  taken  in  connection  with  Chapin  Pond  and  with  the 
canals  discharging  into  Ludlow  basin  ;  but  it  is  probable  that  the  yield  will 
be  sufficient  for  the  supply  of  Springfield  for  the  next  two  or  three  years, 
unless  a  very  dry  year  should  occur,  and  in  such  an  emergency  it  is  proba- 
ble that  a  further  additional  supply  could  be  secured  in  time  to  avoid  seri- 
ous difficulty  from  a  shortage  of  water.  It  is  desirable,  however,  to  make 
provision  whereby,  when  water  is  wasting  from  the  Ludlow  basin,  it  can  be 
discharged  into  Five  Mile,  Loon  and  Chapin  ponds,  whenever  the  level  of 
the  water  in  either  of  the  ponds  is  below  high  water. 

In  view  of  the  circumstances,  the  Board  is  of  the  opinion  that  Five  Mile 
and  Loon  ponds  are  appropriate  sources  of  temporary  water  supply  for  the 
city  of  Springfield. 

Stoughton.  An  application  was  received,  Aug.  15,  1899,  from 
the  water  commissioners  of  Stoughton,  requesting  the  advice  of  the 
Board  with  reference  to  certain  proposed  clianges  and  improvements 
in  the  system  of  water  supply  of  the  town.  The  Board  replied  to 
this  application  as  follows  :  — 

Oct.  6,  1899. 

The  State  Board  of  Health  received  from  you,  on  Aug.  15,  1899,  an 
application  for  advice  with  reference  to  certain  proposed  changes  and  im- 
provements in  the  water  supply  system  of  the  town  of  Stoughton,  accom- 
panied by  a  plan,  showing  your  present  collecting  well  and  other  works  in 
the  vicinity  of  the  brook  flowing  from  Muddy  Pond,  and  proposed  changes 
in  these  works  which  it  is  intended  to  make  at  the  present  time,  and  other 
changes  which  can  be  made  by  extending  the  proposed  new  works  in  the 
future. 

The  plan  shows  a  line  of  pipe  beginning  at  a  proposed  gate-chamber  on 
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the  line  of  the  present  12  inch  pipe  between  the  collecting  well  and  the 
pumping  station,  at  a  point  about  50  feet  north  of  the  collecting  well,  and 
extending  in  a  south-westerly  direction  along  the  westerly  side  of  the  valley 
of  the  brook  for  a  distance  of  a  little  less  than  800  feet,  where  it  turns  from 
a  south-westerly  to  a  south-easterly  direction,  and  runs  92  feet  to  a  proposed 
settling  basin,  to  be  constructed  on  the  brook  about  200  feet  above  the 
"  old  dam,"  so  called.  It  is  proposed  to  take  the  brook  water  from  the 
settling  basin  through  this  pipe  to  the  present  12  inch  pipe  line,  and  thence 
directly  to  the  pump  well  at  the  pumping  station. 

It  appears  that  you  propose  that  most  of  the  works  described  shall  form 
a  part  of  works  designed  to  secure  a  supply  of  ground  water  from  the 
neighborhood  of  the  springs  about  Muddy  Pond,  as  suggested  and  recom- 
mended by  this  Board  in  1893  ;  and  the  plan  shows  a  possible  route  by 
which  your  proposed  pipe  line  may  be  extended  from  the  point  at  which  it 
is  proposed  to  turn  off  to  connect  with  the  brook,  further  south  through  the 
valley  of  the  brook,  and  around  the  southerly  end  of  Muddy  Pond,  so  as  to 
intercept  the  ground  water  from  this  region  and  use  it  at  some  future  time 
for  the  supply  of  the  town ;  but  it  appears  that  for  the  present  and  for  an 
indefinite  time  in  the  future  it  is  proposed  to  take  water  for  the  supply  of 
Stoughton  directly  from  the  brook  flowing  from  Muddy  Pond. 

The  Board  has  caused  your  present  works  and  the  region  about  Muddy 
Pond  to  be  examined  by  its  engineer,  and  samples  of  water  collected  by 
you  at  various  points  from  the  brook  flowing  from  Muddy  Pond  to  be 
analyzed,  and  has  carefully  considered  the  plan  submitted  and  the  results 
of  previous  investigations  with  reference  to  the  water  supply  of  Stoughton. 

The  water  supplied  to  the  town  from  your  present  works  is  at  times 
highly  colored,  and  contains  a  large  quantity  of  organic  matter  taken  up 
from  the  swamp  about  Muddy  Pond.  The  water-shed  of  Muddy  Pond  is 
situated  quite  near  the  town,  and,  while  it  contains  only  a  small  population, 
and  the  pond  and  brook  below  it  are  but  little  exposed  at  the  present  time 
to  danger  of  pollution  by  sewage,  the  use  of  a  running  stream  in  such  ter- 
ritory as  a  source  of  public  water  supply  should,  in  the  opinion  of  the  Board, 
be  avoided. 

Comparing  the  results  of  analyses  of  samples  of  water  collected  recently 
from  the  brook  at  the  present  intake  with  those  collected  from  the  brook 
near  the  proposed  new  settling  basin  and  at  the  outlet  of  Muddy  Pond,  it 
is  found  that  the  water  of  the  brook  at  the  place  at  which  it  is  taken  at 
present  is  of  slightly  better  quality,  as  indicated  by  these  analyses,  than  it 
is  nearer  the  pond ;  but  the  spring  water  flowing  into  Muddy  Pond  is  of 
much  better  quality  than  either  of  them,  and  it  does  not  appear  that  any 
material  improvement  would  be  made  in  the  quality  of  the  water  used  for 
the  supply  of  the  town  of  Stoughton  by  constructing  only  those  portions  of 
the  proposed  works  which  provide  for  taking  water  from  the  brook  further 
up  stream,  as  is  now  proposed. 


No.  34.]        ADVICE   TO    CITIES   AND    TOWNS.  45 

While  a  general  outline  of  that  part  of  your  plan  which  provides  for 
extending  the  works  at  some  future  time  so  as  to  intercept  the  spring  water 
which  flows  into  Muddy  Pond  is  shown  on  the  plan  submitted,  the  details 
of  this  plan  are  not  presented.  The  plan  shows  a  proposed  collecting  well 
near  Drake  Brook,  and  the  location  of  a  conduit  pipe  to  be  laid  with  open 
joints,  extending  from  the  well  around  the  southerly  side  of  the  pond.  It 
does  not  appear  that  any  tests  of  the  ground  have  been  made  in  the  vicinity 
of  the  site  of  the  proposed  collecting  well  which  would  indicate  the  charac- 
ter of  the  soil,  nor  is  it  understood  that  the  line  of  the  proposed  conduit  is 
definitely  located. 

The  examinations  which  have  been  made  under  the  direction  of  the  Board 
during  the  present  year  tend  to  confirm  the  conclusions  based  on  the  result 
of  examinations  made  in  previous  years, — that  a  supply  of  ground  water 
of  excellent  quality  sufficient  for  the  needs  of  the  town  of  Stoughton  for 
the  present,  and  probably  for  a  long  time  in  the  future,  can  be  obtained  by 
constructing  suitable  works  for  collecting  the  ground  water  which  now  finds 
its  way  into  Muddy  Pond  and  the  brook  below  it  above  your  present  col- 
lecting well ;  and,  in  the  opinion  of  the  Board,  it  is  very  desirable  that 
works  be  built  with  as  little  delay  as  possible,  to  secure  a  supply  of  water 
for  the  town  from  this  source. 

It  is  important,  before  making  any  changes  in  your  present  works,  to 
make  further  investigations  and  to  prepare  definite  plans  for  collecting  all 
of  the  spring  water  which  can  be  made  available  ;  and  when  such  investi- 
gations as  may  be  necessary  have  been  made  and  definite  plans  for  the 
proposed  works  have  been  prepared,  the  Board  will  advise  you  concerning 
them,  if  you  so  request. 

Tyngsborough.  An  application  was  received,  Sept.  23,  1899, 
from  the  committee  on  water  supply  of  the  town  of  Tyngsborough, 
asking  the  opinion  of  the  Board  relative  to  the  quality  of  the  water 
of  two  sources  proposed  as  alternative  supplies  for  public  uses  in 
the  village.     The  Board  replied  to  this  application  as  follows  :  — 

Nov.  3,  1899. 

The  State  Board  of  Health  received  from  you,  on  September  23,  an' 
application  for  advice  with  reference  to  the  quality  of  the  water  of  a  pro- 
posed source  of  water  supply  for  a  public  drinking  fountain  and  for  the 
town  hall  in  the  town  of  Tyngsborough,  in  which  it  was  stated  that  two 
sources  were  under  consideration  ;  but,  at  the  time  the  application  was 
received,  works  for  furnishing  a  supply  of  water  to  the  drinking  fountain 
and  town  hall  from  a  well  located  not  far  from  the  north-easterly  side  of 
the  Dunstable  Road,  about  a  quarter  of  a  mile  north-west  of  the  town  hall, 
were  already  nearly  completed,  and  the  water  was  soon  afterwards  supplied 
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by  gravity  to  the  fountain  and  the  town  hall  through  a  lead  pipe  1,300  feet 
long. 

The  Board  has  caused  the  well  and  its  surroundings  to  be  examined  by 
one  of  its  engineers,  and  has  caused  several  samples  of  the  water  to  be 
analyzed. 

The  results  of  an  analysis  of  a  sample  of  water  collected  on  September 
25  showed  that  the  water  had  a  disagreeable  odor,  which  became  stronger 
on  heating,  and  that  it  contained  an  excessive  amount  of  organic  matter. 
A  sample  collected  on  October  6,  after  water  had  been  allowed  to  run  from 
the  well  for  several  days,  was  found  to  contain  a  much  smaller  quantity 
of  organic  matter ;  but  the  quantity  was  considerably  larger  than  is  found 
in  ground  waters  of  good  quality,  and  the  odor  of  the  water  was  as  dis- 
agreeable as  in  the  first  sample. 

It  has  also  been  found,  by  an  analysis  of  a  sample  of  the  water  collected 
recently  from  a  faucet  in  the  town  hall,  that  the  water  takes  up  lead  from 
the  pipe  through  which  it  is  supplied  in  such  large  quantities  that  it  would 
be  very  injurious  to  the  health  of  those  who  might  use  the  water  for 
drinking. 

It  is  not  practicable  to  predict  whether  or  not  the  water  will  continue  to 
improve,  and  will  become  satisfactory  for  drinking,  and  remain  so.  It  is 
also  impracticable  to  tell  whether  its  action  on  the  lead  pipe  will  continue 
as  at  present,  or  become  greater,  or  less. 

Under  the  circumstances,  the  Board  is  of  the  opinion  that  this  water 
should  not  be  supplied  for  drinking  purposes,  under  present  conditions. 

It  is  understood  that  at  the  place  where  the  well  is  located  there  is  a  con- 
siderable depth  of  peaty  soil,  and  it  is  possible  that,  if  a  well  could  be  located 
outside  of  the  area  covered  by  soil  of  this  character,  a  water  of  good  quality 
could  be  secured  which  will  not  act  on  the  lead  pipe  ;  and  the  Board  would 
advise  that  an  investigation  be  made,  to  see  whether  it  is  feasible  to  secure 
water  from  a  well  in  the  vicinit}'  of  the  present  source  which  can  safely  be 
supplied  to  the  drinking  fountain  and  town  hall  through  the  present  pipe 
line.  The  Board  will  assist  you,  if  you  so  request,  in  any  further  investiga- 
tions you  may  decide  to  make,  by  causing  such  analyses  of  samples  of  water 
as  may  be  necessary  to  be  made,  and  will  give  you  further  advice  in  the 
matter  when  you  have  further  information  to  present. 

Wake.  An  application  was  received,  June  7,  1899,  from  the 
board  of  health  of  the  town  of  Ware,  for  the  opinion  of  the  State 
Board  of  Health  as  to  the  purity  of  certain  springs  and  wells  in  use 
in  that  town  as  water  supplies  for  a  small  number  of  families.  The 
Board  replied  to  this  application  as  follows  :  — 

Sept.  8,  1899. 
In  response  to  your  request,  of  June  7  last,  for  advice  with  reference  to 
the  quality  of  the  water  of  certain  springs  and  wells  in  the  town  of  Ware, 
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the  Board  has  caused  an  exarauiation  of  the  sources  indicated  by  you  to  be 
made  by  one  of  its  engineers,  and  samples  of  tlie  water  to  be  analyzed. 

Two  of  the  sources  examined  are  springs  owned  respectively  by  the  Gil- 
bert Manufacturing  Company  and  the  C.  E.  Stevens  Manufacturing  Com- 
pany, from  both  of  which  water  is  supplied  for  the  use  of  several  families 
for  drinking  and  other  domestic  purposes,  through  lead  pipes  running  from 
the  spring  in  each  case  to  tanks  near  the  houses.  The  springs  are  located 
in  a  meadow  near  high,  gravelly  land,  upon  which  there  is  a  considerable 
number  of  dwelling  houses  ;  and  the  water  of  both  springs  gives  evidence 
of  previous  pollution  by  sewage,  that  of  the  Gilbert  Manufacturing  Com- 
pany being  less  affected  than  that  of  the  Stevens  Manufacturing  Company. 

The  water  of  both  sources,  as  indicated  by  analyses  of  two  samples  of 
water  from  each,  was  found  to  be  quite  hard,  that  of  the  Stevens  Manu- 
facturing Company  being  considerably  harder  than  the  water  of  the  Gilbert 
Manufacturing  Company.  The  water  from  the  spring  of  the  Gilbert  Manu- 
facturing Company  was  clear,  nearly  colorless  and  free  from  odor.  The 
water  from  the  spring  of  the  Stevens  Manufacturing  Company  was  clear 
and  nearly  colorless,  but  both  samples  had  a  slight  odor,  and  the  quantity 
of  oi'ganic  matter  present  was  much  greater  than  it  was  in  the  spring  of  the 
Gilbert  Manufacturing  Company. 

Neither  source  can  be  considered  a  desirable  one  from  which  to  take 
water  for  drinking  or  other  domestic  purposes ;  moreover,  the  water  of 
both  sources  is  conveyed  through  long  lead  pipes  to  the  places  where  it  is 
used,  and  analyses  of  the  water  showed  the  presence  of  small  quantities  of 
lead  after  passing  through  the  pipes.  It  is  understood  that  the  water  flows 
continuously,  and  the  quantity  of  lead  is  less  on  this  account  than  would 
be  the  case  if  the  pipe  was  closed  and  water  drawn  only  by  opening  the 
faucets.  It  is  not  practicable  to  tell,  with  our  present  information,  whether 
the  quantity  of  lead  taken  up  by  the  water  in  its  passage  through  the  pipe 
is  larger  or  smaller  at  other  seasons  and  under  different  conditions  than  it 
was  at  the  time  these  samples  were  collected ;  but,  considering  all  the  cir- 
cumstances, it  is  advisable,  in  the  opinion  of  the  Board,  to  discontinue  the 
use  of  water  from  these  springs  drawn  through  lead  pipe  for  supplying 
water  for  drinking  and  other  domestic  purposes  to  any  of  the  inhabitants 
of  the  town,  and  to  provide  for  domestic  use  water  from  the  town  works, 
supplied  through  suitable  pipes. 

You  have  also  called  attention  to  several  wells  located  in  the  village,  from 
which  water  is  used  for  drinking  and  other  purposes,  and  the  water  of  two 
of  these  wells  has  been  analyzed  by  the  Board.  The  results  show  that  the 
well  of  the  Gilbert  Manufacturing  Company,  near  South  Street,  is  con- 
siderably polluted  by  sewage ;  and  the  well  of  Arthur  R.  Kane,  near  Water 
Street,  is  very  highly  polluted  by  sewage ;  and  the  use  of  water  from  these 
sources  for  drinking  and  cooking  should  be  prevented. 

The  conditions  prevailing  in  the  vicinity  of  several  other  wells  were  such 
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as  would  be  likely  to  have  a  very  unfavorable  effect  on  the  quality  of  the 
water,  and  in  general  the  use  of  water  from  wells  located  in  the  thickly 
built  up  portion  of  the  town  should  be  avoided,  unless  a  thorough  examina- 
tion shall  show  that  the  water  is  safe  for  drinking. 

Warren.  An  application  was  received,  Dec.  4,  1897,  from  John 
S.  Gould  and  associates,  for  the  advice  of  the  Board  relative  to  a 
proposed  water  supply  for  the  town  of  Warren,  to  be  taken  from 
the  ground  near  the  Quaboag  River.  The  Board  replied  to  this 
application  as  follows  :  — 

JuLT  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  Dec.  4, 1897,  an  appli- 
cation for  advice  with  reference  to  a  proposed  water  supply  for  the  town 
of  Warren,  in  which  you  make  the  following  statement  as  to  the  proposed 
plans  for  supplying  the  town  :  — 

It  is  proposed  to  obtain  water  from  the  gravelly  ground  on  the  north  or  south 
side  of  the  Quaboag  River,  near  where  test  wells  were  driven  by  the  town  com- 
mittee in  1892  when  they  were  making  examinations  for  a  water  suj)ply ;  this 
point  is  just  east  of  the  new  Warren  Steam  Pump  Company's  plant,  and  not  far 
from  the  Boston  &  Albany  Railroad  tracks  (on  land  of  one  Bridges) . 

It  is  proposed  to  take  the  water  from  a  filtering  gallery,  collecting  well  or  a 
series  of  driven  pipes,  as  seems  best  upon  a  further  investigation  of  the  situation, 
and  after  proper  tests  have  been  made. 

A  brief  description  of  this  and  other  sources  will  be  found  in  the  printed  report 
of  the  Warren  town  committee  of  1892,  a  copy  of  which  is  furnished  with  this 
apjjlication. 

It  is  further  proposed  to  use  a  covered  reservoir  on  Marks'  Mountain,  substan- 
tially as  outlined  in  the  report  referred  to  above. 

It  is  proposed  to  use  cast-iron  pipe  for  the  distribution ;  for  the  mains,  12,  10 
and  8  inch  ;  and  for  the  laterals,  G  inch,  and  nothing  smaller. 

As  will  be  seen  in  the  accompanying  report,  the  water  from  wells  near  the  pro- 
posed location  of  the  supply  has  been  analyzed  by  your  Board,  being  samples  No. 
9202  and  9203. 

Analyses  of  samples  of  water  from  two  test  wells  referred  to,  in  the 
region  of  the  Quaboag  River,  above  Warren,  made  by  the  State  Board  of 
Health  in  1892,  indicate  that  the  water  from  a  well  on  the  north  side  of 
the  river  was  affected  by  an  excessive  quantity  of  iron,  which  would  make 
it  objectionable  for  many  uses,  while  water  from  a  well  on  the  south  side 
of  the  river  contained  so  much  foreign  matter  that  its  character  could  not 
be  satisfactorily  determined. 

Soon  after  receiving  jonr  application,  the  Board  caused  the  territory 
along  the  Quaboag  River  above  Warren  to  be  examined  by  its  engineer; 
but  the  location  of  the  test  wells  could  not  then  be  found,  and  there  was 
uo  means  of   obtaining  samples  of  the  ground  water  in  this  region  for 
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analysis.  It  was  suggested  that  tests  be  made  of  the  ground  in  the  vicinity 
of  the  place  where  it  was  proposed  to  locate  the  collecting  works,  by  means 
of  further  wells ;  and,  in  expectation  that  further  tests  would  be  made,  the 
Board  has  delayed  its  reply,  but  no  further  information  has  been  presented. 

The  ground  in  the  valley  of  the  Quaboag  River  above  the  village  of 
Warren  appears  to  be  of  a  coarse  and  porous  character,  especially  on  the 
south  side  of  the  river,  and,  so  far  as  can  be  judged  from  surface  indica- 
tions, the  conditions  are  favorable  for  obtaining  water  in  considerable 
quantity  from  the  ground  in  this  region ;  but  it  is  not  practicable,  in  the 
absence  of  satisfactory  tests,  to  determine  whether  the  quality  of  the  water 
obtainable  from  the  ground  in  this  region  will  be  suitable  for  all  domestic 
purposes,  or  whether  the  quantity  will  be  sufficient  for  the  supply  of  the 
town. 

Under  the  circumstances,  the  Board  is  unable  to  advise  you  as  to  the 
most  appropriate  source  from  which  to  obtain  a  supply  of  water  for  Warren, 
and  would  recommend  that  further  and  thorough  investigations  be  made 
of  all  available  sources  before  the  construction  of  works  is  planned. 

Wellesley.  a  communication  was  received  from  the  special 
committee  on  additional  water  supply  of  the  town  of  Wellesley,  Nov. 
18,  1898,  presenting  an  account  of  the  work  done  in  furnishing  an 
additional  water  supply  for  the  town ;  at  the  same  time  requesting 
the  opinion  of  the  Board  whether  the  work  fulfils  the  recommenda- 
tions and  advice  of  the  Board,  presented  in  its  letter  of  Feb.  4,  1897. 
To  this  communication  the  Board  replied  as  follows  :  — 

Feb.  2,  1899. 

The  State  Board  of  Health  received  from  you,  on  Nov.  18,  1898,  a  com- 
munication giving  an  account  of  the  work  done  in  constructing  an  addi- 
tional water  supply  for  the  town  of  Wellesley,  and  requesting  the  opinion 
of  the  Board  as  to  whether  the  work  fulfils  the  recommendations  and  advice 
given  in  the  letter  of  the  Board  bearing  date  of  Feb.  4,  1897.  Subsequently, 
you  submitted  a  copy  of  the  report  of  your  committee  and  of  your  engineer, 
together  with  plans  of  the  new  works. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  plans  submitted  and  the  results  of  analyses  of 
samples  of  water  collected  during  the  past  year  from  your  works  for  addi- 
tional supply,  as  well  as  from  the  sources  originally  used.  The  results  of 
the  analyses  show  that  the  quality  of  the  water  is  about  the  same  as  that 
collected  from  test  wells  in  this  region  in  1896.  The  water  appears  to  be 
affected  to  a  slight  extent  by  the  presence  of  dwelling  houses  in  the  valley 
of  the  brook,  but  is  in  its  present  state  excellent  for  the  purposes  of  a  pub- 
lic water  supply.  The  purchase  by  the  town  of  a  considerable  tract  of  land 
in  the  region  about  the  wells,  including  two  dwelling  houses  and  their  out- 
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buildings,  the  occupation  of  which  probably  had  a  tendency  to  pollute  the 
ground  water  of  this  region,  was  a  necessary  and  important  measure  in 
protecting  the  purity  of  the  new  water  supply.  The  water  of  the  well  at 
Williams  Spring  and  the  filter-gallery  was  also  examined  during  the  year 
1898,  and  the  quality  of  the  water  was  found  to  be  about  the  same  as  in 
previous  years.  It  appears  that  no  water  has  been  used  from  either  of 
these  sources  since  April  19,  1898. 

It  is  not  practicable  to  estimate  definitely  the  quantity  of  water  that  the 
new  works  will  yield,  but  they  seem  likely  to  furnish,  in  connection  with 
the  present  works,  an  ample  supply  of  water  for  the  needs  of  Wellesley  for 
a  considerable  time  in  the  future.  The  new  wells  cover  a  large  territory 
north  of  Worcester  Street  and  a  considerable  territory  south  of  that  street, 
in  a  region  where  there  appear  to  be  deep  beds  of  porous  gravel ;  and  it 
appears  to  be  practicable  to  obtain  a  larger  supply  of  water  in  this  region, 
if  necessary,  by  extending  the  works  for  collecting  ground  water.  The 
construction  of  a  covered  reservoir  and  its  use  in  connection  with  the  pres- 
ent works  makes  it  practicable  to  deliver  water  to  consumers  without 
exposure  to  the  light. 

The  works  as  a  whole  are,  in  the  opinion  of  the  Board,  at  the  present 
time  capable  of  supplying  an  ample  quantity  of  good  water  to  all  of  the 
inhabitants  of  Wellesley  ;  and,  by  means  of  the  covered  reservoir,  it  is 
practicable  to  deliver  the  water  to  consumers  without  danger  of  deteriora- 
tion on  account  of  exposure  to  light. 

It  appears  that  some  of  the  wells  south  of  Worcester  Street  are  located 
at  places  where  there  is  a  considerable  deposit  of  mud  and  organic  matter 
at  the  surface  of  the  ground,  which  is  usually  saturated  with  water,  and 
you  recommend  the  removal  of  this  mud  and  organic  matter,  which  does 
not  appear  to  be  of  great  depth.  The  presence  of  soil  of  this  character  is 
liable  to  have  an  unfavorable  effect  upon  the  quality  of  the  water  of  the 
wells  located  in  its  vicinity,  and,  in  the  opinion  of  the  Board,  this  mate- 
rial should  be  removed,  if  it  is  feasible  to  do  so,  or  the  areas  should  other- 
wise be  thoroughly  drained,  so  that  water  may  not  stand  upon  them. 

The  Board  has  not  made  a  further  examination  of  the  water-shed  of 
Rosemary  Brook,  to  determine  the  extent  to  which  the  brook  is  being  pol- 
luted at  present.  All  direct  connection  between  your  sources  of  water 
supply  and  the  brook  having  now  been  cut  off,  the  prevention  of  the  pollu- 
tion of  this  stream  is  not  so  important  as  if  its  waters  were  used  directly; 
nevertheless,  the  Board  is  of  the  opinion  that  measures  should  be  taken  to 
keep  the  water  of  the  brook  free  from  direct  sewage  contamination,  and  the 
town  authorities  of  Wellesley  have  power  to  prevent  any  such  pollution 
under  existing  laws. 

Weston.  An  application  was  received,  June  29,  1899,  from 
Charles  W.  Hubbard  of  Weston,  for  the  opinion  of  the  Board  rela- 
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tive  to  a  proposed  water  supply  for  a  small  community  in  that  town. 
The  Board  replied  to  this  application  as  follows  :  — 

Sept.  8,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice  as 
to  the  location  of  a  proposed  well  to  be  used  as  a  source  of  water  supply  for 
a  portion  of  the  town  of  Weston,  and  has  caused  the  locality  in  which  you 
propose  to  construct  the  well  to  be  examined  by  one  of  its  engineers. 

The  place  indicated  is  about  1,100  feet  from  Charles  River,  and  at  such 
an  elevation  above  that  stream  that  the  supply  of  water  coming  to  the  well 
would  not  be  enlarged  by  filtration  of  water  from  the  river  through  the 
ground  toward  the  well ;  and  the  area  from  which  it  seems  at  all  likely  that 
water  can  be  influenced  to  flow  toward  the  proposed  well  is  so  limited  that, 
in  the  opinion  of  the  Board,  even  if  the  soil  in  the  vicinity  is  coarse  and 
porous  and  favorable  to  yielding  water  freely  from  the  ground,  it  is  not 
probable  that  the  yield  will  be  sufHcient  to  furnish  the  quantity  of  water 
which  you  estimate  will  be  necessary  for  the  supply  of  the  district  under 
consideration. 

The  Board,  therefore,  does  not  advise  the  construction  of  a  well  in  the 
vicinity  of  the  place  indicated  in  your  application. 

West  Springfield.  An  application  was  received  from  the  water 
commissioners  of  West  Springfield,  Jan.  5,  1899,  requesting  the 
advice  of  the  Board  relative  to  plans  for  increasing  the  present  water 
supply  of  that  town.  The  Board  replied  to  this  application  as  fol- 
lows :  — 

June  2,  1899. 

The  State  Board  of  Health  received  from  you,  on  Jan.  5,  1899,  a  com- 
munication stating  that  you  have  employed  engineers  to  make  investiga- 
tions relative  to  the  water  supply  of  West  Springfield,  and  requesting  the 
Board  to  examine  the  various  plans  and  recommendations  and  advise  you 
thereon.  The  application  was  accompanied  by  plans  and  a  report  of  your 
engineers,  in  which  the  results  of  the  investigations  of  many  sources  are 
pi'esented,  and  several  plans  for  supplying  the  town  with  water  for  present 
and  future  requirements  are  considered.  The  plans  considered  in  the 
report  of  your  engineers  may  be  summarized  as  follows :  — 

1.  The  development  of  the  present  source  of  water  supply.  Darby 
Brook,  by  enlarging  the  present  reservoir  and  constructing  two  new  ones 
upon  this  brook,  and  by  diverting  into  these  reservoirs,  or  one  of  them,  the 
waters  of  Block,  Bagg  and  Pepper  brooks,  and  the  north  and  south  branches 
of  Hyde  Brook. 

2.  Taking  water  from  Leonard's  Brook  in  Agawam. 

3.  Taking  water  from  Block  Brook,  either  by  constructing  a  storage 
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reservoir  on  the  brook  near  its  mouth,  or  by  means  of  wells  or  similar  works 
in  the  valley  of  the  brook. 

4.  Taking  water  from  Bear  Hole  Brook. 

5.  Purchasing  water  from  the  city  of  Holyoke,  the  water  to  be  taken 
from  the  Manhan  River  supply  of  that  city. 

The  Board  has  caused  the  various  possible  sources  of  supply  to  be  ex- 
amined by  its  engineers,  and  has  carefully  considered  the  plans  submitted. 
By  the  first  plan  referred  to,  which  provides  for  increasing  the  storage 
capacity  of  your  present  reservoir  and  constructing  two  new  reservoirs  on 
Darby  Brook,  and  diverting  into  these  reservoirs  the  waters  of  Block, 
Bagg,  Pepper  and  Hyde  brooks,  the  use  of  your  present  sources  of  supply 
would  be  continued,  and  a  quantity  of  water  obtained  that  would  doubtless 
be  sufficient  for  the  supply  of  the  town  for  several  years  in  the  future  at 
the  rate  of  consumption  estimated  by  your  engineers.  The  quality  of  the 
water  of  your  present  reservoir  on  Darb}'  Brook  is  very  unsatisfactory  at 
times,  on  account  of  the  presence  of  excessive  numbers  of  organisms,  and 
there  is  reason  to  expect  that  the  proposed  new  reservoirs  would  be  simi- 
larly affected.  Much  of  the  water  which  would  enter  them  from  their  own 
water-sheds  would  be  ground  water,  which  deteriorates  on  exposure  to  light ; 
and  the  indications  are  that  the  water  of  some  of  the  brooks  which  it  is 
proposed  to  divert  into  the  reservoirs  would  also  be  largely  ground  water 
at  times.  The  water  of  Block  Brook,  which  would  be  diverted  into  the 
upper  reservoir,  appears  to  contain  a  large  quantity  of  organic  matter, 
probably  due  to  the  slow  passage  of  the  water  through  swamps,  and  might 
further  affect  unfavorably  the  quality  of  the  water  of  your  reservoirs.  It 
also  appears  that  much  of  the  land  within  the  water-sheds  of  the  brooks  is 
highly  cultivated,  and  some  of  these  water-sheds  already  contain  a  consid- 
erable population,  which  is  liable  to  increase  in  the  future  on  account  of 
their  nearness  to  public  transportation  routes  and  large  centres  of  popula- 
tion, and  endanger  the  quality  of  the  water,  unless  the  control  of  large 
areas  of  land  is  secured  by  the  town  and  the  construction  of  buildings  j^re- 
vented.  With  these  conditions,  the  indications  are  that  the  protection  of 
these  sources  from  pollution  would  increase  largely  the  cost  of  a  supply  by 
this  plan  above  the  estimated  cost  for  works. 

The  second  plan  referred  to,  which  provides  for  taking  water  fron  Leon- 
ard's Brook  in  Agawam,  may  be  dismissed  from  further  consideration,  since 
it  appears  from  the  report  of  your  engineers  that  the  area  of  water-shed 
is  so  small  that  the  quantity  of  water  it  would  yield  would  be  insufficient 
for  the  needs  of  West  Springfield. 

The  third  source  mentioned  is  Block  Brook,  which  has  been  considered 
both  with  reference  to  the  feasibility  of  obtaining  from  it  a  surface-water 
supply  and  a  ground- water  supply.  It  is  probable  that,  by  constructing 
a  storage  reservoir  on  this  stream,  as  outlined  in  the  report  of  your  engi- 


No.  34.]        ADVICE   TO    CITIES   AND   TOWNS.  53 

neers,  a  sufficient  quantity  of  water  could  be  obtained  from  it  to  supply 
the  present  needs  of  the  town  and  to  allow  for  a  considerable  increase  in 
the  use  of  water  in  the  future.  The  water  of  Block  Brook,  as  already 
stated,  is  highly  colored  in  the  upper  portion  of  its  course,  and  contains 
a  large  amount  of  organic  matter,  owing  to  its  slow  passage  through 
swamps.  The  proposed  reservoir  would  be  quite  shallow  over  much  of  its 
area,  and  under  the  circumstances  it  is  probable  that  if  water  is  taken  from 
this  source  it  would  be  of  unsatisfactory  quality,  on  account  of  excessive 
gi'owths  of  organisms  and  disagreeable  tastes  and  odors.  Much  of  the 
land  in  portions  of  the  water-shed  is  highly  cultivated,  and  there  is  already 
a  considerable  population  on  the  water-shed  which  is  liable  to  increase 
greatly  in  the  future,  on  account  of  the  nearness  of  the  source  to  the  thickly 
settled  portions  of  the  town.  Under  the  circumstances,  the  Board  is  of  the 
opinion  that  this  source  is  not  a  desirable  one  from  which  to  obtain  a  sur- 
face water  supply  for  West  Springfield. 

It  does  not  appear  that  any  investigations  of  the  ground  within  this 
water-shed  have  been  made  to  determine  whether  it  is  feasible  to  obtain 
there  a  sufficient  supply  of  ground  water  for  the  town  by  means  of  wells 
or  filtei'-galleries ;  but,  considering  the  small  size  of  the  water-shed,  and 
judging  from  a  general  examination  of  its  character,  it  does  not  seem  proba- 
ble that  a  sufficient  supply  of  water  for  West  Springfield  could  be  obtained 
from  the  ground  in  this  valley. 

The  proposed  method  of  developing  Bear  Hole  Brook,  as  indicated  in 
the  report  of  your  engineers,  will  provide  an  ample  supply  of  water  for  the 
present  needs  of  West  Springfield  and  probably  for  the  requirements  of 
many  years  in  the  future.  The  water  of  this  brook  is  of  good  quality  for 
the  purposes  of  a  public  water  supply,  and  the  water-shed  is  quite  remote 
from  the  town  and  nearly  free  from  population.  By  removing  thoroughly 
all  soil  and  vegetable  matter  from  the  area  to  be  flowed  by  the  reservoir, 
it  is  probable  that  a  water  of  good  quality  could  be  obtained  from  this 
source. 

By  the  final  plan  considered  by  your  engineers  it  is  proposed  to  take 
water  from  the  pipe  line  of  the  city  of  Holyoke,  which  at  present  conveys 
water  from  the  Manhan  River  to  Ashley  Pond.  In  this  way  an  ample 
supply  of  water  could  be  obtained  for  the  town  of  West  Springfield  for  an 
indefinite  time  in  the  future,  provided  that  the  city  of  Holyoke  shall  increase 
the  capacity  of  the  Manhan  works  when  necessary.  The  water  of  the 
Manhan  River  is  sometimes  highly  colored,  but  is  soft  and  otherwise  of 
good  quality  for  the  purpose  of  a  public  water  supply.  The  water-shed 
contains  a  small  and  scattered  population,  which  is  decreasing ;  but,  if 
water  is  taken  directly  from  the  present  main  pipe  for  the  supply  of  West 
Springfield,  as  proposed,  danger  of  the  pollution  of  the  water  from  the 
population  on  the  water-shed  will  have  to  be  carefully  guarded  against, 
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because  the  water  coming  from  the  Manhan  River  probably  receives  very 
little  benefit  from  the  short  time  that  it  would  be  stored  in  the  present 
reservoir. 

Leaving  out  of  consideration  Leonard's  Brook,  for  reasons  already  given, 
and  comparing  the  four  plans  by  which  it  appears  to  be  practicable  to  obtain 
a  sufficient  supply  of  water  for  West  Springfield  with  reference  to  the 
quality  of  the  water  that  is  likely  to  be  obtained  from  each,  it  appears 
probable  that  the  plan  of  developing  the  present  sources  and  diverting  sev- 
eral brooks  into  the  proposed  reservoirs  on  Darby  Brook  would  furnish  a 
water  which  would  be  of  good  quality  during  much  of  the  year,  if  the  pollu- 
tion of  the  source  from  inhabitants  on  the  water-shed  is  prevented  ;  but 
the  water  would  be  subject  at  times  to  the  presence  of  excessive  numbers 
of  organisms,  which  would  make  the  water  objectionable  for  many  uses, 
and  it  is  probable  that  the  water  that  would  be  furnished  by  this  plan 
would  be  of  less  satisfactory  quality  than  that  obtainable  by  either  the 
Bear  Hole  Brook  or  the  Manhan  River  plans.  The  water  of  Block  Brook, 
as  already  stated,  is  likely  to  be  of  unsatisfactory  quality.  By  developing 
Bear  Hole  Brook  it  is  probable  that,  if  the  storage  reservoir  is  properly 
prepared  for  the  storage  of  water  by  the  removal  of  all  soil  and  vegetable 
matter,  a  water  would  be  obtained  which  would  rarely,  if  ever,  be  objec- 
tionable for  drinking  or  other  domestic  uses.  The  water  of  the  Manhan 
River  source  would  be  likely  to  have  a  higher  color  at  all  times  than  that 
of  either  of  the  others,  excepting  Block  Brook,  but  it  would  probably  be 
in  other  respects  of  good  quality. 

The  cost  of  the  plans  has  been  considered  by  your  engineers,  and  from 
their  estimates  it  appears  that  the  cost  for  dams,  reservoirs,  pipes,  pump- 
ing stations  and  other  works  necessary  for  storing  and  supplying  water  to 
the  town  would  be  much  less  in  case  a  supply  should  be  taken  from  the 
Manhan  River  source  than  by  either  of  the  other  plans  considered  ;  but  in 
each  case  there  are  other  items  of  cost  which  it  has  not  been  practicable  to 
estimate  definitely-  In  the  case  of  the  plan  providing  for  the  development 
of  the  present  sources  it  seems  probable  that  a  large  additional  cost  would 
have  to  be  incurred  for  the  protection  of  the  sources  of  supply.  In  the 
case  of  Bear  Hole  Brook  it  would  be  necessary  to  pay  for  lands  taken  and 
probably  damages  for  the  diversion  of  water.  If  water  should  be  taken 
from  Holyoke  it  will  be  necessary  to  pay  a  yearly  sum  to  the  city  of  Holyoke 
for  the  supply  of  water. 

With  the  information  at  present  available  it  seems  probable  that,  of  the 
plans  presented  for  obtaining  a  supply  of  water  for  West  Springfield,  the 
plan  of  taking  water  from  Holyoke  would  require  the  least  expenditure  by 
the  town,  and  a  water  of  good  quality  would  be  obtained,  though  it  might 
be  inferior  in  some  respects  to  the  water  that  could  be  obtained  from  Bear 
Hole  Bi-ook. 
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There  is  no  doubt  that  if  a  supply  of  good  ground  water  could  be 
obtained,  sufficient  for  the  present  needs  of  West  Springfield  and  capable 
of  being  developed  so  as  to  supply  the  town  for  a  reasonable  length  of  time 
in  the  future,  it  would,  if  kept  from  exposure  to  light,  prove  far  more  sat- 
isfactory to  consumers  than  any  water  from  a  surface  source. 

Your  investigations  and  the  examinations  made  by  the  Board  do  not 
show  any  place  from  which  a  satisfactory  ground-water  supply  can  be 
obtained  within  the  limits  of  "West  Springfield ;  but  the  examinations  of 
the  Board  have  shown  that  on  the  western  side  of  the  mountain  range  which 
lies  between  West  Springfield  and  Westfield,  in  the  valley  of  Pond  Brook, 
which  forms  the  outlet  of  Hampton  and  Horse  Ponds,  the  conditions  for 
obtaining  a  large  quantity  of  water  from  the  ground  appear  to  be  very 
favorable,  so  far  as  can  be  judged  from  surface  indications.  If  investiga- 
tions should  show  that  it  is  practicable  to  obtain  an  ample  supply  of  good 
ground  water  from  this  valley,  it  might  be  found  to  be  for  the  best  inter- 
ests of  the  town  to  select  this  source  ;  and  it  is  probable  that  the  cost  of 
works  for  supplying  this  water  to  West  Springfield  would  be  less  than  the 
cost  of  works  for  developing  a  supply  from  Bear  Hole  Brook,  and  not 
greatly  in  excess  of  the  cost  of  supplying  the  town  from  the  Holyoke 
works,  when  the  whole  cost  of  the  water  is  taken  into  consideration,  while 
a  much  better  water  could  be  obtained.  But,  while,  if  the  source  should 
upon  investigation  be  found  satisfactory,  it  might  be  of  advantage  to  the 
town  to  build  the  works  with  as  little  delay  as  possible,  it  would  probably 
be  necessary  for  the  town  to  secure  an  act  from  the  Legislature  before 
water  could  be  taken  or  diverted  from  this  water-shed.  An  additional 
supply  of  water  is  greatly  needed  by  the  town,  and,  if  a  suitable  supply 
can  be  obtained  in  the  valley  of  Pond  Brook,  a  main  pipe  might  be  laid  to 
connect  temporarily  with  the  Manhan  pipe  line  of  the  city  of  Holyoke,  and 
a  supply  obtained  until  the  town  is  prepared  to  proceed  with  the  con- 
struction of  its  independent  works,  when  the  pipe  line  used  to  obtain  a 
supply  from  Holyoke  could  form  a  part  of  the  independent  works  of  the 
town. 

Further  information  relative  to  the  possibility  of  obtaining  a  supply  of 
ground  water  for  West  Springfield  from  the  valley  of  Pond  Brook  seems 
to  be  necessary,  to  determine  which  of  the  plans  it  will  be  for  the  best 
interests  of  the  town  to  adopt  in  selecting  a  water  supply.  The  Board 
would  advise  that  the  town  cause  investigations  to  be  made  in  the  valley 
of  Pond  Brook,  in  the  vicinity  of  the  place  where  the  brook  is  crossed  by 
the  line  of  the  New  York,  New  Haven  &  Hartford  Railroad,  between 
Westfield  and  Holyoke,  to  determine  the  character  of  the  soil,  the  proba- 
ble quality  of  the  ground  water  and  the  feasibility  of  obtaining  a  suf- 
ficient supply  of  ground  water  in  this  region.  Careful  estimates  should 
also  be  made  of  the  probable  cost  of  works  for  obtaining  a  ground-water 
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supply  in  this  territory,  including  all  items  of  damage  that  are  likely  to  be 
incurred. 

The  Board  will  co-operate  with  you  in  such  investigations  as  you  may 
decide  to  make,  by  analyzing  samples  of  water,  and  will,  upon  application, 
advise  you  further  with  reference  to  this  source  when  further  information 
has  been  obtained. 

Wilmington.  An  application  was  received  from  the  board  of 
health  of  Wilmington,  Sept.  18,  1899,  requesting  the  opinion  of  the 
Board  relative  to  the  quality  of  the  water  used  for  drinking  purposes 
at  a  certain  school-house  in  that  town.  The  Board  replied  to  this 
requ'est  as  follows  :  — 

Oct.  5,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
as  to  the  fitness  for  drinking  purposes  of  the  water  of  a  well  designed  for 
the  use  of  pupils  of  a  public  school  in  the  south  district  of  Wilmington, 
and  has  caused  the  well  and  its  surroundings  to  be  examined  by  one  of  its 
engineers  and  a  sample  of  the  water  to  be  analyzed.  This  source  was 
examined  by  the  Board  last  year,  in  response  to  a  request  by  you  ;  but  it 
appears  that  a  change  has  been  made  in  the  surroundings,  by  extending  the 
drain  which  formerly  discharged  near  the  well  so  that  it  now  discharges 
further  away,  and  that  the  well  has  been  cleaned  out.  The  results  of  a 
chemical  analysis  of  a  sample  of  the  water,  however,  show  that  it  has 
a  very  disagreeable  odor  and  contains  a  large  quantity  of  organic  matter, 
and  is  worse  than  when  analyzed  in  response  to  your  former  request. 

The  source  must  still  be  regarded  as  a  dangerous  one  from  which  to  take 
water  for  drinking,  and  the  Board  would  advise  that  the  well  be  abandoned 
and  its  further  use  prevented. 


Sewerage  and  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
1899  in  reply  to  applications  for  the  advice  of  the  Board  relative  to 
sewerage  and  sewage  disposal,  under  chapter  375  of  the  Acts  of 
1888,  or  for  the  approval  of  sewerage  systems  or  the  taking  of  land 
for  sewage  disposal,  under  other  acts*:  — 

Bridge  water  (State  Farm).  An  application  was  received,  March 
30,  1899,  from  the  superintendent  of  the  State  Farm  at  Bridgewater, 
for  the  advice  of  the  Board  relative  to  a  proposed  system  of  sewage 
disposal  at  the  State  Farm.  The  Board  replied  to  this  application 
as  follows  :  — 
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May  5,  1899. 

The  State  Board  of  Health  received  from  you,  on  March  30,  1899,  an 
application  for  advice  with  reference  to  a  proposed  system  of  sewage  dis- 
posal for  the  buildings  at  the  State  Farm,  and  subsequently  plans  of  the 
proposed  system  were  received  through  your  engineer. 

The  plan  submitted  provides  for  collecting  the  sewage  of  the  institution 
into  a  main  sewer  ten  inches  in  diameter,  which  will  convey  it  in  a  north- 
westerly direction  to  filter  beds  to  be  located  about  three-quarters  of  a 
mile  from  the  buildings  in  the  valley  of  a  small  brook  on  the  westerly  side 
of  Conant  Street,  where  it  is  proposed  to  purify  the  sewage  by  intermittent 
filtration,  and  discharge  the  effluent  into  a  brook  which  flows  into  the 
Taunton  River  below  the  pumping  station  of  the  State  Farm  wafer  works. 
A  flush  tank  or  reservoir,  having  a  capacity  of  about  12,600  gallons,  which 
is  designed  to  discharge  its  contents  automatically  at  intervals,  is  shown 
on  the  line  of  the  main  sewer  about  1,400  feet  from  the  buildings. 

At  the  place  where  it  is  proposed  to  locate  the  filter  beds  the  soil  is  not 
suitable  for  the  purpose,  but  suitable  material  is  found  close  by,  and  it  is 
proposed  to  use  the  material  in  the  construction  of  the  beds.  According 
to  the  plans,  the  filtration  area  will  consist  of  eight  filter  beds,  each  having 
an  area  of  8,000  square  feet. 

The  Board  has  carefully  considered  the  proposed  plan,  and  has  caused 
the  locality  to  be  examined  by  its  engineer  and  samples  of  the  sand  with 
which  it  is  proposed  to  construct  the  filter  beds  to  be  analyzed. 

The  location  of  the  proposed  main  sewer  appears  to  be  suitable  for  the 
reception  of  all  of  the  sewage  at  present  flowing  from  the  institution,  and 
its  size  is  sufficient  to  remove  a  considerably  greater  quantity  of  sewage 
than  the  present  flow,  if  necessary.  "While  the  grade  of  the  sewer  in  some 
places  is  less  than  is  desirable,  the  location  of  the  flush  tank  is  such  that 
by  the  discharge  of  a  large  quantity  of  sewage  at  intervals  it  will  have  a 
decided  influence  in  preventing  deposits  from  taking  place  in  the  sewer. 
The  intermittent  discharge  of  sewage  from  this  tank  will  also  be  of  advantage 
in  the  disposal  of  the  sewage  upon  the  filter  beds,  especially  in  the  winter 
season. 

The  filter  beds  are  located  close  to  the  highway,  but  they  are  quite 
remote  from  any  dwelling  house,  and  the  location  appears  to  be  in  other 
respects  a  satisfactory  one.  Analyses  of  the  sand  of  which  it  is  proposed 
to  construct  the  filter  beds  show  that  it  is  of  good  quality  for  the  purifica- 
tion of  sewage,  and,  if  the  beds  are  constructed  as  proposed,  having  a  depth 
of  filtering  material  of  at  least  four  feet  above  the  underdrains,  they  should 
be  capable  of  purifying  all  of  the  sewage  flowing  from  the  institution  at 
the  present  time  ;  moreover,  in  the  case  of  an  increase  in  the  quantity  of 
sewage  it  will  be  practicable  to  enlarge  the  area  of  the  beds  in  the  future 
without  special  difficulty. 
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The  plan  as  a  whole  is  a  feasible  and  satisfactory  one,  and  is  probably 
as  economical  as  any  that  it  is  practicable  to  adopt,  and  the  Board  would 
advise  the  construction  of  the  works  in  general  accordance  with  this  plan. 
It  is  suggested  that  in  constructing  the  tank  the  overflow  be  placed  at  a 
somewhat  higher  level  with  reference  to  the  outlet  pipe  of  the  tank  than  is 
now  proposed,  in  order  to  insure  the  operation  of  the  siphon ;  and  it  will 
probably  also  be  desirable  to  provide  a  siphon  of  somewhat  larger  diameter 
than  four  inches,  in  order  to  secure  more  rapid  discharge  of  the  tank. 

Easthampton.  An  application  was  received,  July  8,  1899,  from 
the  sewer  commissioners  of  Easthampton,  for  the  advice  of  the  Board 
with  reference  to  a  plan  of  sewage  disposal  for  that  town.  The 
Board  replied  to  this  application  as  follows  :  — 

Dec.  8,  1899. 

The  State  Board  of  Health  received  from  you,  on  July  8,  an  application 
for  advice  with  reference  to  a  proposed  system  of  sewage  disposal  for  the 
town  of  Easthampton,  accompanied  by  plans  and  a  report  of  your  engi- 
neers describing  the  proposed  method  of  disposing  of  the  sewage  of  the 
town.  The  plan  in  general  provides  for  a  main  sewer  to  receive  the  sew- 
age from  the  present  sewerage  system  in  the  valley  of  Broad  Brook  and 
from  portions  of  this  valley  which  are  likely  to  require  sewerage  in  the 
future,  and  to  convey  it  by  gravity  to  a  proposed  filtration  area,  situated 
between  the  Manhan  River  and  the  Mount  Tom  Branch  Railroad,  east  of 
Broad  Brook,  where  it  is  proposed  to  purify  the  sewage  by  filtration,  and 
to  discharge  the  effluent  into  the  Manhan  River.  There  is  a  small  territory 
in  the  immediate  vicinity  of  Broad  Brook  below  the  dam  of  the  Nashawan- 
nuck  Pond,  the  sewage  from  which  cannot  be  delivered  into  the  proposed 
new  main  sewer  by  gravity ;  and  provision  is  made  for  collecting  the  sew- 
age from  this  district  at  a  convenient  point,  and  discharging  it  into  the 
proposed  main  sewer  by  pumping.  There  will  remain  a  small  portion  of 
the  village  bordering  the  Manhan  River  from  which  sewage  is  now  dis- 
charged into  the  Manhan  River  above  the  water  works  pumping  station 
which  will  not  be  connected  with  the  new  works,  otherwise  the  plan  pro- 
vides for  the  purification  of  the  sewage  of  all  the  thickly  settled  portions 
of  the  town. 

The  proposed  intercepting  sewer  will  be  laid  along  the  northerly  side  of 
the  valley  of  Broad  Brook,  in  the  vicinity  of,  or  between,  the  railroads  to 
Ferry  Street,  where  it  will  turn  to  the  east,  and  cross  the  valley  of  Broad 
Brook  in  the  form  of  an  inverted  siphon  to  the  filtration  area.  The  area 
upon  which  it  is  proposed  to  purify  the  sewage  is  located  between  the 
Mount  Tom  Branch  Railroad  and  the  Manhan  River,  east  of  Broad  Brook, 
and  the  plans  submitted  show  thirty-one  filter  beds,  having  a  total  area  of 
•3.6  acres,  which  are  intended  to  receive  and  purify  the  sewage. 
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The  Board  has  carefully  considered  your  application  and  the  plans  and 
report  submitted  therewith,  and  has  caused  the  territory  to  be  examined  by 
its  engineer,  and  samples  of  the  soil  of  the  proposed  filtration  area  to  be 
analyzed.  The  plan  in  general  appears  to  the  Board  to  be  well  suited  to 
the  collection  and  disposal  of  all  of  the  sewage  of  the  portions  of  East- 
hampton  lying  in  the  valley  of  Broad  Brook  which  are  now  provided  with 
sewerage,  or  seem  likely  to  require  sewerage  for  many  years  in  the  future  ; 
and  the  location  of  the  filtration  area  and  proposed  method  of  purifying  the 
sewage  appear  to  be  the  best  that  it  is  practicable  to  adopt.  It  is  desirable 
to  make  a  more  thorough  examination  of  the  soil  in  all  parts  of  the  pro- 
posed filtration  area  before  beginning  the  construction  of  the  filters,  since 
it  is  possible  that  by  making  some  changes  in  the  location  of  the  filters  a 
saving  in  their  cost  can  be  effected. 

The  discharge  of  the  sewage  of  ,a  portion  of  the  town  in  the  vicinity  of 
South  Main  Street  into  the  Manhan  River  above  the  water  works  pumping 
station  is  a  danger  to  the  health  of  the  inhabitants  of  the  village,  since  it 
appears  that  a  direct  connection  is  maintained  with  the  river,  by  means  of 
which  water  from  the  river  would  be  pumped  into  the  water  pipes  of  the 
town  in  case  of  an  emergency.  It  is  feasible  to  construct  filter  beds  near 
the  base  of  the  steep  bluff  near  the  Manhan  River,  along  the  northerly  side 
of  the  village,  for  the  purification  of  all  sewage  from  houses  which  are  so 
situated  that  the  sewage  cannot  be  discharged  into  the  sewers  in  Broad 
Brook  valley ;  or  it  may  be  practicable  to  pump  the  sewage  from  this  por- 
tion of  the  village  into  the  sewer  in  the  valley  of  Broad  Brook,  and  dispose 
of  it  with  the  other  sewage  of  the  village.  The  Board  would  advise  that 
provision  be  made,  either  for  purifying  the  sewage  upon  filters  as  sug- 
gested, or  for  removing  it  from  the  portion  of  the  Manhan  River  above  the 
water  works  dam. 

You  also  request  the  advice  of  the  Board  as  to  the  discharge  of  sewage 
into  the  Manhan  River  in  the  vicinity  of  the  proposed  filtration'  area  with- 
out treatment.  Considering  the  probable  quantity  of  water  flowing  in  the 
Manhan  River  and  the  character  of  the  Manhan  and  Connecticut  rivers 
below  the  proposed  outlet,  the  Board  is  of  the  opinion  that  the  discharge 
of  the  sewage  of  Easthampton  into  the  Manhan  River,  as  proposed,  with- 
out purification,  would  be  likely  to  produce  a  serious  nuisance,  and  the 
Board  does  not  advise  the  discharge  of  sewage  directly  into  the  Manhan 
River  at  any  point. 

FoxBOROUGH.  An  application  was  received  from  the  sewerage 
committee  of  Foxborough,  Dec.  13,  1897,  for  the  advice  of  the 
Board  with  reference  to  a  proposed  system  of  sewerage  for  the  town 
of  Foxborough.  On  Jan.  25,  1899,  a  further  application  was  re- 
ceived for  the  advice  of  the  Board,  and  was  accompanied  with  plans 
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of  a  general  system  of  sewerage  and  sewage  disposal  for  the  town. 
To  these  applications  the  Board  replied  as  follows  :  — 

Feb.  2,  1899. 

The  State  Board  of  Health  received  from  you,  on  Dec.  13,  1897,  an  ap- 
plication for  advice  with  reference  to  a  proposed  system  of  sewerage  for 
the  town  of  Foxborough,  and  in  connection  with  that  application  samples 
of  soil  from  lands  proposed  as  places  of  sewage  disposal  were  examined 
under  the  direction  of  the  Board  and  the  results  communicated  to  your 
committee.  Subsequently,  on  Jan.  25,  1899,  a  further  application  for  the 
advice  of  the  Board  was  received,  accompanied  by  plans  of  a  general  sys- 
tem of  sewerage  and  sewage  disposal  for  the  town,  prepared  by  J.  J.  Van 
Valkenburg,  civil  engineer. 

The  plans  provide  for  a  system  of  pipe  sewers  to  collect  sewage  from  all 
of  the  thickly  settled  portions  of  the  main  village  of  Foxborough,  connect- 
ing with  a  main  sewer  which  passes  through  South  Street  and  across  pri- 
vate land  to  a  proposed  filtration  area  on  the  northerly  side  of  South  Street, 
bordering  on  the  Wading  River,  about  one  and  three-quarters  miles  from 
the  village. 

The  Board  has  caused  the  proposed  system,  the  location  of  the  pi'oposed 
filtration  area  and  the  character  of  the  soil  to  be  examined  by  its  engineers, 
and  has  carefully  considered  the  proposed  plans. 

The  system  of  sewers  as  designed  provides  satisfactorily  for  the  collec- 
tion and  removal  of  all  of  the  sewage  of  the  portions  of  Foxborough  which 
are  iu  need  of  sewerage  facilities  at  the  present  time,  and  a  reasonable 
allowance  has  been  made  for  an  increase  in  the  quantity  of  sewage  in  the 
future. 

The  sewers  are  not  intended  to  receive  storm  water,  and  special  provision 
is  to  be  made  for  keeping  ground  water  out  of  the  sewers  by  providing 
underdrains  or  by  constructing  the  sewers  of  iron  pipe  with  lead  joints  in 
places  where  large  quantities  of  ground  water  are  likely  to  be  encountered. 
It  is  important  to  keep  all  storm  water  and  ground  water  out  of  the  sewers, 
so  far  as  practicable,  because,  if  considerable  quantities  of  such  waters 
should  be  admitted,  the  sewers  might  need  to  be  made  considerably  larger 
in  size  and  a  greater  area  of  filter  beds  would  be  necessary,  thus  increasing 
the  cost  of  constructing  and  maintaining  the  works. 

The  area  which  it  is  now  proposed  to  use  for  the  disposal  of  the  sewage 
is  located  in  a  very  thinly  settled  region,  and  the  location  of  the  filter  beds 
is  such  that  no  odors  from  them  are  likely  to  be  noticeable  in  the  neighbor- 
hood. Examinations  of  the  soil  from  test  pits  in  this  area  show  that  it  is 
very  coarse  and  porous,  and  well  adapted  to  the  purification  of  sewage  by 
intermittent  filtration.  The  size  of  the  area  is  ample  for  the  purpose,  and 
the  plans  provide  satisfactorily  for  the  distribution  of  the  sewage  upon  it. 
An  area  of  three  acres  of  filter  beds,  prepared  and  operated   as  proposed, 


No.  34.]        ADVICE   TO    CITIES   AND    TOWNS.  61 

will  probably  meet  the  requirements  of  the  towa  for  several  years,  and  ad- 
ditions can  be  made  when  required. 

The  effluent  from  the  filter  beds  will  flow  into  the  Wading  River,  and  with 
reasonable  care  in  the  operation  of  the  beds  the  effluent  from  these  works 
will  not  have  a  noticeable  effect  upon  the  appearance  or  condition  of  this 
stream. 

The  plans  as  a  whole  are,  in  the  opinion  of  the  Board,  well  adapted  for 
the  collection  and  purification  of  the  sewage  of  Foxborough  in  a  satisfac- 
tory manner. 

Foxborough  (Massachusetts  Hospital  for  Dipsomaniacs  and 
Inebriates).  An  application  was  received,  June  28,  1899,  for  the 
advice  of  the  Board  with  reference  to  certain  proposed  improvements 
in  the  system  of  sewage  disposal  for  the  hospital.  The  Board  re- 
plied to  this  application  as  follows  :  — 

July  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  June  28,  1899,  an 
application  for  advice  with  reference  to  improving  the  sewage-disposal  sys- 
tem of  the  Hospital  for  Dipsomaniacs  and  Inebriates,  located  at  Foxbor- 
ough, Mass.,  together  with  a  plan  and  report  by  J.  J.  Van  Valkenburg, 
civil  engineer,  showing  the  proposed  changes  in  the  present  system. 

It  appears  that  all  of  the  sewage  of  the  hospital,  which  contains  a  popu- 
lation of  about  200,  together  with  the  rainfall  from  the  roofs  of  the  build- 
ings, is  discharged  upon  a  filter  bed  having  an  area  of  about  50,000  square 
feet.  This  filter  bed  contains  suitable  material  for  the  purification  of  sew- 
age, and  is  underdrained,  but  an  examination  of  the  bed  has  shown  that 
the  underdrains  have  in  some  way  become  inoperative,  and  the  material 
near  the  surface  has  apparently  become  clogged.  The  plan  submitted  pro- 
vides for  a  new  system  of  underdrainage,  and  for  dividing  the  filtration 
area  into  four  small  beds  of  nearly  equal  area,  so  that  only  one  bed  will  be 
used  at  a  time.  The  suggestion  is  also  made  that  the  roof  water  be  dis- 
posed of  in  some  other  way  than  by  discharging  it  into  the  sewers  leading 
to  the  filter  beds. 

The  Board  has  caused  the  filter  bed  to  be  examined  by  one  of  its  engi- 
neers, and  has  considered  the  plans  and  report  submitted.  While  the  filter 
bed  is  of  ample  size  for  the  disposal  of  all  of  the  sewage  at  present  flow- 
ing from  the  hospital,  even  including  rain  water,  the  underdrains  have  evi- 
dently become  stopped,  and  the  surface  of  the  filter  is  apparently  seriously 
clogged. 

The  proposed  plan  will  provide  for  an  adequate  system  of  underdrainage, 
and  by  dividing  the  area  into  four  smaller  beds  a  much  more  satisfactory 
application  of  the  sewage  will  be  secured,  and  opportunity  will  be  given  to 
keep  the  surface  of  the  beds  in  suitable  condition. 
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It  is  very  desirable  to  separate  the  roof  water  from  the  sewage,  if  it  caa 
be  done  at  a  reasonable  expense,  and  to  dispose  of  the  roof  water  by  dis- 
charging it  into  a  natural  water  coarse. 

It  is  necessary,  in  the  opinion  of  the  Board,  that  some  action  be  taken^ 
without  unnecessary  delay,  to  effectually  purify  the  sewage  of  the  hospital ; 
and  the  proposed  plans,  if  carried  out,  will  effect  the  necessary  improve- 
ment in  the  method  of  disposing  of  the  sewage. 

Gardner.  An  application  was  received,  Nov.  24,  1899,  from  the 
sewer  commissioners  of  Gardner  for  advice  in  relation  to  the  plans 
for  sewage  disposal  outlined  in  the  following  statement :  — 

The  town  wishes  to  provide  an  outlet  for  a  part  of  the  town.  This  sec- 
tion is  provided  for  by  the  system  of  1889,  and  is  known  in  the  report  of 
"W.  E.  McClintock  of  that  year  as  the  Parker  Street  outlet.  It  is  now 
desired  to  extend  this  proposed  outlet  sewer  to  such  a  point  as  will  make 
it  possible  to  treat  the  entire  sewage  of  the  town  at  a  common  point.  By 
surveys  it  has  been  found  that  such  a  point  can  be  reached  by  extending 
the  present  sewer  from  the  present  filter  area  through  Broadway  and  private 
land  to  a  point  near  Parker  Street,  where  the  Otter  River  crosses  said  street. 
This  sewer  will  also  take  the  sewage  of  South  Gardner.  The  Parker 
Street  district  will  be  conducted  to  this  point  by  a  sewer  through  private 
land  and  Parker  Street. 

The  land  proposed  to  be  taken  for  treatment  area  lies  a  few  feet  above 
the  river.  It  has  an  area  of  from  twelve  to  fifteen  acres.  This  area  can  be 
increased  by  using  the  low  river  bottom  or  extending  into  the  woods  towards 
the  present  filter  area.  The  land  rises  with  a  very  gentle  slope  from  the 
river.  This  area  would  be  levelled  into  beds.  There  is  no  proper  filtering 
material  in  the  area,  but  on  the  opposite  side  of  the  Otter  River  and  within 
the  town  of  Templeton  are  large  gravel  banks  of  a  very  superior  filtering 
material ;  it  is  proposed  to  use  this  material  to  build  the  beds.  It  is  in- 
tended only  to  build  for  the  Parker  Street  outlet  at  present,  but  to  be  able 
to  extend  the  main  outlet  to  this  point  when  South  Gardner  sewers  are 
built,  or  the  present  area  becomes  too  small  to  treat  the  sewage  of  that 
part  of  the  town  now  draining  to  that  point. 

The  Board  replied  to  this  application  as  follows  :  — 

Jan.  5,  1900. 

The  Board  has  caused  the  location  of  the  proposed  new  filter  beds  and 
the  material  of  which  it  is  proposed  to  construct  them  to  be  examined  by 
one  of  its  engineers,  and  has  considered  the  proposed  plans  and  the  results 
of  observations  upon  the  operation  of  the  present  disposal  works.  These 
woi'ks  receive  the  sewage  from  the  present  sewerage  system  in  the  central 
part  of  the  town ;    and,  while  the  filters  are  well  constructed,  they  are 
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entirely  inadequate  for  the  purification  of  the  sewage  discharged  upon  them, 
and  large  quantities  of  sewage  are  discharged  untreated  into  Pond  Brook, 
near  the  filter  beds,  which  is  badly  polluted  thereby. 

In  the  opinion  of  the  Board  the  present  sewage-disposal  works  are  inade- 
quate for  the  purification  of  the  sewage  now  conveyed  to  them,  and  ade- 
quate means  of  purifying  all  of  this  sewage  should  be  provided  without 
delay. 

By  your  present  plan  it  is  intended  to  build  at  the  present  time  a  system 
of  sewerage  for  the  Parker  Street  district  and  filter  beds  for  the  disposal 
of  the  sewage  of  this  district ;  and  you  have  chosen  a  filtration  area  so 
located  that  the  sewage  from  the  present  sewers  and  from  South  G-ardner, 
when  sewers  are  built  in  the  latter  village,  can  be  conveyed  to  the  same 
filtration  area,  and  all  of  the  sewage  of  the  town  purified  at  one  place. 
The  area  selected  for  the  disposal  of  the  sewage  is  in  a  remote  part  of  the 
town,  and  its  use  for  this  purpose  is  not  likely  to  be  objectionable.  The 
land  is  not  adapted  to  the  purification  of  sewage  by  intermittent  filtration, 
but  suitable  soil  is  found  on  the  opposite  side  of  the  Otter  River  in  the 
town  of  Templeton,  and  you  propose  to  take  gravel  and  sand  from  the 
latter  region  and  convey  it  across  the  Otter  River  for  the  construction  of 
the  filter  beds.  The  plan,  so  far  as  can  be  judged  from  the  outlines  sub- 
mitted, is,  in  the  opinion  of  the  Board,  a  practicable  and  an  appropriate 
one  for  the  purification  of  the  sewage  of  the  thickly  settled  portions  of  the 
town  of  Gardner  which  are  at  present  provided  with  sewers  or  likely  to 
require  sewers,  for  many  years  in  the  future,  and  there  does  not  appear  to 
be  any  area  containing  soil  suitable  for  this  purpose  which  can  be  utilized 
for  the  disposal  of  all  of  the  sewage  of  Gardner  at  less  expense  than  the 
one  selected. 

When  you  have  prepared  the  necessary  detailed  plans  that  will  precede 
the  construction  of  the  works,  the  Board  will  advise  you  concerning  them, 
if  you  so  request. 

Haverhill.  An  application  was  received  from  the  mayor  of 
Haverhill,  June  9,  1899,  for  the  advice  of  the  Board  with  reference 
to  proposed  plans  for  the  disposal  of  sewage  from  certain  districts  in 
that  city.     The  Board  replied  to  this  application  as  follows  :  — 

July  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  June  9,  1899,  an  ap- 
plication for  advice  relative  to  the  sewerage  of  two  districts  in  the  northerly 
and  easterly  portions  of  Haverhill,  accompanied  by  plans  and  a  report  by 
the  city  engineer,  describing  proposed  systems  of  sewerage  for  these 
districts. 

One  of  the  districts,  known  as  the  Dustin  Square  district,  comprises  the 
territory  draining  toward  the  Fishing  River  and  toward  Little  River  below 
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the  Fishing  River,  the  most  thickly  settled  portion  of  which  at  the  present 
time  is  in  the  region  of  Dustin  Square,  where  no  sewers  have  yet  been  pro- 
vided. The  plan  submitted  shows  a  proposed  main  sewer  for  this  district 
which  will  begin  at  the  upper  end  of  the  present  sewer  in  Hilldale  Avenue 
at  the  corner  of  Lafayette  Street,  and  extend  up  the  valley  of  the  Little 
River  on  the  westerly  side  of  the  stream  nearly  to  the  Hilldale  cemetery, 
and  then,  crossing  to  the  easterly  side  of  the  stream,  will  continue  up  the 
valley  of  Little  River  and  of  its  tributary  the  Fishing  River  nearly  to  the 
outlet  of  Kenoza  Lake.  It  is  proposed  to  construct  the  sewers  in  this  dis- 
trict upon  the  so-called  separate  plan,  excluding  all  surface  water  and 
groundwater,  so  far  as  practicable,  except  from  a  short  portion  of  the  main 
sewer  in  Hilldale  Avenue  near  its  lower  end,  where  surface  water  will  be 
allowed  to  flow  into  the  sewer. 

The  other  district,  known  as  the  Kenoza  Avenue  district,  comprises  the 
westerly  portion  of  the  water-shed  of  Kenoza  Lake  and  a  portion  of  the 
water-shed  of  Lake  Saltonstall.  The  plan  submitted  shows  a  main  sewer 
for  this  district,  beginning  at  the  upper  end  of  the  present  sewer  in  Mill 
Street  near  Summer  Street,  and  extending  through  Mill  Street  and  around 
the  easterly  end  of  Lake  Saltonstall,  and  thence  through  the  divide  between 
Lake  Saltonstall  and  Lake  Kenoza,  in  private  land  and  land  owned  by  the 
city  of  Haverhill  to  Kenoza  Avenue,  through  which  it  will  pass  to  the 
Newton  road.  It  is  possible  to  extend  this  sewer  around  the  base  of 
the  hill  between  the  Newton  road  and  the  stream  which  forms  the  outlet  of 
Lake  Kenoza  to  Gile  Street,  if  necessary  in  the  future.  It  is  proposed 
to  construct  all  sewers  within  the  water-shed  of  Lake  Kenoza  upon  the  so- 
called  separate  plan  ;  but  within  the  water-shed  of  Lake  Saltonstall  it  is 
proposed  to  receive  a  portion  of  the  surface  water  into  the  main  sewer,  and 
allow  the  remainder  to  flow  into  the  lake  without  entering  the  sewer.  Be- 
low the  outlet  of  Lake  Saltonstall  it  is  proposed  to  construct  the  sewers  on 
the  combined  plan. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer,  and 
has  carefully  considered  the  plans  and  other  information  submitted. 

In  the  Dustin  Square  district,  so  called,  the  most  serious  need  of  sewer- 
age at  the  present  time  is  in  the  region  immediately  about  Dustin  Square ; 
but  in  designing  a  sewer  for  this  district  the  probable  future  needs  of  other 
territory  in  this  region  has  properly  been  taken  into  consideration,  and  the 
plans  submitted  provide  for  the  disposal  of  the  sewage  of  such  territory  in 
the  valley  of  Fishing  River  and  in  the  valley  of  Little  River  below  the 
Fishing  River  as  seem  likely  to  require  sewerage  in  the  future. 

It  is  very  important,  in  the  opinion  of  the  Board,  to  prevent  the  pollu- 
tion of  any  of  the  streams  in  this  territory  by  sewage,  and  the  circumstances 
are  such  that  it  will  be  much  more  economical  and  satisfactory  for  the  city 
to  adopt  a  separate  system  of  sewerage  in  this  district  than  to  attempt  to 
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remove  both  sewage  and  storm  water  in  the  same  pipes.  The  plan  sub- 
mitted provides  for  keeping  all  storm  water  out  of  the  proposed  sewers 
above  Hilldale  Avenue,  and  it  is  proposed  also  to  construct  underdrains 
beneath  the  sewers  wherever  necessary  to  remove  ground  water.  If  the 
plan  is  carried  out  completely,  the  proposed  sewer  will,  in  the  opinion  of 
the  Board,  pi'ovide  satisfactorily  for  the  removal  of  all  of  the  sewage  of  the 
district  which  it  is  designed  to  serve.  The  quantity  of  sewage  flowing  in 
the  main  sewer  in  the  beginning  may  not  be  large  enough  to  produce  suffi- 
cient velocity  in  the  proposed  siphon  under  the  Little  River  to  keep  deposits 
from  forming,  and  flushing  will  probably  be  necessary  ;  nevertheless,  the 
proposed  method  of  crossing  the  river  appears  to  be  the  best  that  it  is 
practicable  to  adopt. 

The  Hilldale  Avenue  sewer,  into  which  it  is  proposed  to  discharge  the 
sewage,  is  capable  of  conveying  all  of  the  ordinary  flow  of  sewage  to  the 
Merrimack  River ;  but  in  times  of  heavy  storms  a  portion  of  the  mingled 
sewage  and  storm  water  from  this  sewer  will  be  discharged  into  Little  River 
at  two  points  in  the  densely  populated  part  of  the  city.  The  channel  of 
the  river  is  of  such  a  character  that  matters  floating  upon  or  in  suspension 
in  the  water  tend  to  collect  in  places  along  its  bottom  and  sides,  and  this 
stream  is  liable  to  be  offensive  during  the  warmer  portion  of  the  year,  un- 
less all  sewage  and  other  polluting  matters  are  kept  out  of  it.  If  this  is 
not  practicable,  its  condition  should  be  improved  as  much  as  possible,  to 
prevent  polluting  matters  from  collecting  on  its  bottom  and  sides. 

The  Board  has  carefully  considered  the  plan  for  disposing  of  the  sewage 
of  the  westerly  portion  of  the  water-shed  of  Lake  Kenoza,  known  as  the 
Kenoza  Avenue  system,  together  with  various  other  plans  suggested,  and 
concludes  that  the  plan  submitted  has  advantages  which  make  it  the  best 
one  to  adopt  for  the  disposal  of  the  sewage  of  this  territory.  The  plan 
provides  for  the  construction  of  the  sewers  in  the  Kenoza  Lake  water-shed 
upon  the  so-called  separate  plan,  though  it  is  proposed  in  the  beginning  to 
discharge  the  underdrains  temporarily  into  the  main  sewer.  It  is  sug- 
gested by  your  engineer  that  a  storm-water  sewer  is  needed  in  this  district, 
and  that  such  a  sewer  would  naturally  be  discharged  into  the  stream  below 
the  outlet  of  Lake  Kenoza,  and  that  the  underdrains  could  subsequently  be 
connected  with  this  sewer  when  constructed.  It  is  desirable  that  some  pro- 
vision for  removing  the  storm  water  as  well  as  the  sewage  from  this  terri- 
tory be  made  as  soon  as  practicable,  and  it  will  be  best  to  dispose  of  the 
underdrainage  in  connection  with  the  storm  water.  There  is  danger  that, 
if  underdrains  are  discharged  into  the  sewers  for  the  collection  of  house 
sewage,  the  mingling  of  sewage  and  underdrainage  water  may  produce  con- 
ditions favorable  to  the  growth  of  some  form  of  fungus  in  the  sewer,  which 
may  interfere  greatly  with  the  flow  of  the  sewage.  The  Board  would  there- 
fore advise  that  the  underdrainage  water  be  kept  out  of  the  sewers  for 
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house  sewage,  and  that  a  storm-water  sewer  be  constructed  to  remove  the 
storm  water  and  drainage  from  the  thickly  settled  portion  of  the  district 
for  which  sewerage  is  now  to  be  provided. 

The  proposed  main  sewer  of  the  Kenoza  Avenue  system  passes  through 
the  water-shed  of  Lake  Saltonstall,  and  you  ask  to  be  advised  whether  the 
adoption  of  the  proposed  system  will  make  it  necessary  to  abandon  the  use 
of  Lake  Saltonstall  as  a  source  of  water  supply.  If  the  lake  is  to  be  con- 
tinued as  a  source  of  water  supply,  its  pollution  should  be  prevented,  and 
all  sewage  and  drainage  and  all  storm  water  collected  by  any  sewers  or 
drains  within  the  district  should  be  kept  out  of  the  lake.  Analyses  of  the 
water  of  the  lake  show  that  it  already  receives,  directly  or  indirectly,  a 
considerable  quantity  of  sewage  from  houses  on  its  water-shed ;  and  the 
proposed  sewer,  which  would  provide  for  the  removal  of  the  sewage  and  a 
portion  of  the  storm  water  from  the  water-shed,  would  have  a  tendency  to 
improve  the  quality  of  the  water  of  the  lake,  but  would  reduce  its  yiQld. 
The  source  is  a  small  one,  and  not  needed  at  the  present  time  for  the  sup- 
ply of  the  city,  since  by  the  construction  of  the  new  works  at  Millvale  an 
ample  supply  has  been  secured  for  many  years  in  the  future  without  the 
use  of  this  lake ;  and,  on  the  whole,  the  source  does  not  seem  of  sufficient 
value,  in  the  opinion  of  the  Board,  to  warrant  the  expense  which  would  be 
necessary  to  keep  it  in  suitable  condition  for  the  supply  of  the  city. 

The  proposed  main  sewer  around  Lake  Saltonstall  will  be  laid  close  to 
the  shore  of  the  lake,  and  at  a  level  considerably  below  the  surface  of  the 
water  ;  and  it  will  be  necessary  to  construct  this  sewer  with  special  care, 
to  prevent  an  excessive  leakage  of  water  into  it,  and  it  may  be  desirable 
to  use  iron  pipe  with  lead  joints. 

The  proposed  method  of  disposing  of  the  sewage  of  the  Kenoza  Avenue 
district  by  discharging  it  into  the  Merrimack  River  is  the  best  that  it  is  prac- 
ticable to  adopt.  The  outlet  will  be  in  the  vicinity  of  a  large  population, 
and  it  is  desirable  that  the  dry-weather  flow  of  sewage  be  discharged  well 
out  in  the  stream,  to  prevent  fouling  the  bank  of  the  river.  The  mingled 
sewage  and  storm  water  during  heavy  storms  may  probably  be  discharged 
close  to  the  bank  of  the  river  without  becoming  objectionable.  It  is  under- 
stood that  for  the  present  the  sewage  will  be  discharged  into  an  existing 
sewer  in  Mill  Street  at  the  corner  of  Summer  Street,  but  that  this  sewer 
will  be  relaid  whenever  it  shall  become  necessary. 

HoPEDALE  (the  Draper  Company) .  An  application  was  received, 
Oct.  7,  1899,  from  the  Draper  Company  of  Hopedale,  for  the  advice 
of  the  Board  relative  to  the  disposal  of  the  sewage  from  its  mills  and 
several  houses  in  the  village.  To  this  application  the  Board  replied 
as  follows  :  — 
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Dec.  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  October  7,  a  notice  of 
your  intention  to  introduce  a  system  of  sewage  disposal  for  the  purification 
of  the  sewage  from  your  works  at  Hopedale  and  from  a  portion  of  the 
village,  accompanied  by  plans  and  a  description  of  the  proposed  works 
prepared  by  your  engineer. 

The  plans  provide  for  the  collection  of  the  sewage  in  a  reservoir  of  suffi- 
cient capacity  to  hold  the  estimated  night  flow  of  sewage,  from  which  the 
sewage  is  to  be  pumped  in  the  daytime  to  filter  beds  situated  on  land  near 
the  westerly  bank  of  Mill  River,  south  of  Main  Street.  It  is  stated  by 
your  engineer  that  the  present  flow  of  sewage  is  about  110,000  gallons  in 
twenty-four  hours,  and  the  proposed  plan  of  disposing  of  the  sewage  is 
described  as  follows  :  — 

The  proposed  plan  of  sewage  disposal  involves  septic  tank  treatment  followed 
by  filtration  upon  two  sand  filter  beds,  aggregating  1.3  acres  in  area. 

The  proposed  septic  tank,  built  of  Portland  cement  concrete,  has  a  capacity,  in 
8  feet  depth,  of  50,000  gallons,  in  two  compartments,  each  35  feet  long  by  12  feet 
wide  by  approximately  10  feet  deep,  connected  with  each  other  by  a  10-inch  over- 
flow and  with  the  river  by  a  10-inch  vitrified  Akron  pipe,  discharging  at  a  point  6 
inches  above  high-water  mark. 

All  pumping  is  to  be  done  during  the  working  day,  and  it  is  proposed  to  keep 
the  tank  as  nearly  full  as  possible  throughout  the  day  until  just  before  shutting 
down  the  works  at  night,  Avhen  the  tank  is  to  be  pumped  down  about  8  feet  (to  a 
point  about  2h  feet  from  its  bottom) ,  thus  leaving  a  storage  capacity  of  50,000 
gallons  for  the  night  flow.  The  present  night  flow  is  from  40,000  to  45,000 
gallons.  .  .  . 

The  two  filter  beds,  aggregating  1.3  acres  in  area,  will  be  used  alternately, 
morning  and  afternoon,  the  gates  being  operated  by  hand.  The  filter  beds  are 
located  upon  high  ground,  about  three-fourths  of  a  mile  from  the  town.  It  is  pro- 
posed to  strip  the  loam  and  subsoil  to  a  depth  of  approximately  18  inches  to  2 
feet  from  the  surface  in  the  preparation  of  the  beds,  in  order  to  get  into  a  tree, 
coarse  sand.  In  the  various  test  pits  dug  over  this  area  and  shown  upon  the  plan 
no  strata  of  impervious  or  compact  material  have  been  encountered. 

Subsequently  a  further  communication  was  received,  modifying  portions 
of  the  plans  to  allow  for  an  anticipated  increase  in  the  quantity  of  sewage. 
In  this  communication  it  is  stated  that  the  diameter  of  the  force  main  will 
be  increased  from  8  to  10  inches  ;  the  septic  tank  will  probably  be  increased 
to  40  feet  in  length,  instead  of  35  feet;  and  that  an  additional  tank  in 
extension  of  the  first,  or  circular  in  form,  of  a  capacity  of  approximately 
70,000  gallons,  for  a  pump  well,  may  also  be  built.  If  the  pump  well  is 
not  built,  the  increase  in  the  size  of  the  tank  or  reservoir  will  allow  for  the 
expected  increase  in  the  night  flow  of  sewage,  so  that  the  pumping  can  still 
be  done  in  the  daytime.     No  plans  for  enlarging  the  filtration  area  have 
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been  presented,  and,  excepting  that  the  size  of  the  force  main  will  be 
increased,  it  does  not  appear  that  the  changes  suggested  have  been  defi- 
nitely adopted. 

The  Board  has  considered  the  plans  and  information  submitted,  and  has 
caused  the  locality  to  be  examined  by  its  engineer  and  samples  of  the  soil 
of  the  proposed  filter  beds  to  be  analyzed. 

The  proposed  tank  into  which  the  sewage  is  to  be  collected  is  expected 
to  allow  for  the  decomposition  and  putrefaction  of  the  sewage,  so  that  the 
solid  matters  may  be  broken  up  and  be  drawn  out  of  the  tank  with  the 
sewage,  and  thus  make  it  practicable  to  purify  the  sewage  more  readily, 
and  avoid  the  necessity  of  providing  for  the  disposing  of  sludge.  It  is 
evident,  from  the  experiments  made  by  the  Board  and  the  results  obtained 
in  actual  practice  where  sewage  is  stored  in  a  tank  or  reservoir  like  that 
proposed  in  the  plan  submitted,  that  the  solid  matters  in  the  sewage  will 
become  broken  up  to  a  considerable  extent  in  the  tank,  and  be  more  readily 
disposed  of  on  the  filters  ;  but  a  considerable  quantity  of  heavier  matters 
will  accumulate  in  the  proposed  tank  with  the  conditions  under  which  it  is 
proposed  to  operate  it,  and  these  matters  will  have  to  be  removed  from 
time  to  time.  If  they  are  discharged  on  beds  prepared  for  the  purpose  and 
quickly  mixed  with  earth  and  carted  away,  the  mixture  can  be  disposed  of 
effectively,  but  this  method  of  removing  the  sludge  is  likely  to  produce  bad 
odors,  and  should  not  be  carried  on  in  the  neighborhood  of  the  factory  or 
dwelling  houses.  The  heavier  matters  that  accumulate  in  the  tank  can  be 
pumped  to  the  filtration  ai'ea  with  the  sewage  and  disposed  of  without 
special  difficulty  or  objection,  if  suitable  provision  is  made  therefor. 

The  proposed  filtration  area  is  nearer  the  thickly  settled  portion  of  the 
town  than  is  desirable ;  but,  if  a  sufficient  area  of  filtei-s  is  provided  and 
they  are  properly  cared  for,  the  disposal  of  the  sewage  at  this  place  is  not 
likely  to  be  objectionable  to  those  living  in  the  village.  The  material  in 
some  portions  of  the  area  is  coarse  and  porous,  but  in  other  portions  it  is 
somewhat  fine  ;  nevertheless,  if  the  soil  and  subsoil  are  removed  from  the 
filter  beds,  and  underdraiuage  is  provided  where  necessary,  a  sufficient  area 
of  filter  beds  of  suitable  depth  can  be  prepared  upon  this  area  to  purify  all 
of  the  sewage  discharged  from  the  sewers  at  present,  or  even  if  a  consider- 
able enlargement  is  made  in  the  present  works.  The  area  of  filters  which 
it  is  proposed  to  prepare  in  the  beginning  will,  however,  be  no  more  than 
sufficient  for  present  needs,  and  may  even  be  found  inadequate,  if  the 
quantity  of  sewage  is  larger  in  the  winter  and  spring  of  the  year  than  it 
was  found  to  be  at  the  time  the  measurement  of  the  flow  was  made. 

In  the  opinion  of  the  Board,  it  would  be  found  of  much  advantage  in 
disposing  of  the  sewage  to  divide  the  area  into  a  larger  number  of  beds  than 
two,  the  number  you  now  propose,  and  very  little  advantage  is  likely  to  be 
gained  by  pumping  the  sewage  during  the  entire  day  at  the  rate  at  which 
it  flows  into  the  tank. 
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The  proposed  overflow  pipe  from  the  tank  or  reservoir  through  which 
sewage  may  flow  into  the  river  when  the  tank  is  full  is  a  desirable  precau- 
tion in  case  of  accident  to  pumping  machinery  or  force  main,  but  sewage 
should  not  be  allowed  to  discharge  through  this  overflow  except  in  such  an 
emergency. 

The  plan  in  general,  with  the  modifications  suggested,  is,  in  the  opinion 
of  the  Board,  an  appropriate  one  for  the  purification  of  the  sewage  from 
your  works  at  Hopedale  and  from  the  houses  which  are  connected  with  the 
sewers  at  present,  and  the  works  can  be  enlarged  if  necessary,  so  as  to  dis- 
pose of  a  considerably  greater  quantity  of  sewage. 

LoNGMEADOw.  An  application  was  received,  Aug.  24,  1899,  from 
the  selectmen  of  Longmeadow,  for  the  advice  of  the  Board  relative 
to  the  disposal  of  the  sewage  of  a  portion  of  that  town.  The  Board 
replied  to  this  application  as  follows  :  — 

Nov.  3,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  a  proposed  additional  sewerage  system  in  the  town  of 
Longmeadow,  and  the  plans  and  information  submitted  therewith,  and  has 
caused  the  territory  to  be  examined  by  one  of  its  engineers. 

It  appears  that  the  system  now  proposed  is  intended  to  provide  for 
the  sewerage  of  the  portion  of  the  town  in  the  vicinity  of  the  common 
south  of  the  system  built  last  year  ;  and  you  state  that  you  propose  to  dis- 
pose of  the  sewage  upon  a  tract  of  about  eleven  acres  of  land  belonging  to 
Everett  B.  Allen,  which  is  located  on  the  southerly  side  of  Longmeadow 
Brook,  near  the  place  where  it  crosses  the  Bark  Haul  Road,  so  called.  You 
further  state :  — 

It  is  proposed,  as  soon  as  the  exigencies  of  the  case  require,  to  construct  artifi- 
cial filter  beds  on  this  tract  of  land ;  but,  with  the  very  small  amounts  of  sewage 
that  will  require  to  be  disposed  of  for  a  year  or  more,  it  is  believed  that  with  a 
very  small  filter  bed  or  by  broad  irrigation  all  the  sewage  that  we  shall  have  can 
be  effectively  disposed  of. 

From  such  information  as  is  available  it  appears  that  the  proposed  system 
will  provide  sewerage  for  a  population  of  about  250,  and  that  the  aggre- 
gate length  of  sewers  will  be  about  1^  miles. 

The  examinations  made  under  the  direction  of  the  Board  show  that  the 
proposed  sewage-disposal  area  would  have  the  advantage  that  it  is  located 
a  long  distance  from  any  dwelling  house ;  but  the  soil  in  test  pits  dug  in 
various  parts  of  the  area  is  found  to  be  composed  of  loam  at  the  surface, 
with  clay  underneath,  so  that  it  is  entirely  unsuitable  for  the  purification 
of  sewage,  and  the  Board  is  of  the  opinion  that  the  disposal  of  sewage 
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upon  this  land  would  create  a  nuisance,  unless  filter  beds  of  suitable 
material  for  the  purification  of  the  sewage  are  provided  in  the  beginning. 

There  appears  to  be  suitable  soil  in  the  region  about  the  tract  of  land 
referred  to  which  might  be  used  for  the  construction  of  artificial  filters  upon 
this  land ;  but  the  cost  of  constructing  filters  there  would  be  large,  as  com- 
pared with  the  cost  of  suitable  filters  at  some  place  where  the  soil  is  natu- 
rally adapted  for  the  purification  of  sewage.  Under  the  circumstances, 
the  Board  does  not  at  present  advise  the  construction  of  artificial  filters  at 
the  place  selected  by  you  for  the  purification  of  sewage,  but  would  advise 
a  further  and  thorough  investigation,  to  learn  whether  it  may  not  be  practi- 
cable to  secure  a  suitable  area  of  land  upon  which  filter  beds  can  be  pre- 
pared, at  less  cost  than  upon  the  land  now  proposed. 

The  Board  will  assist  you  in  these  investigations,  if  you  desire,  by  mak- 
ing examinations  of  samples  of  soil,  and  will  give  you  further  advice  as  to 
the  disposal  of  the  sewage  when  you  have  the  results  of  further  investiga- 
tions to  present. 

Ludlow.  An  application  was  received,  April  10,  1899,  from  the 
selectmen  of  Ludlow,  with  reference  to  the  discharge  of  sewage  from 
Joy  Street  in  that  town  into  the  Chicopee  River.  The  Board  replied 
to  this  application  as  follows  :  — 

Mat  5,  1899. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers, 
and  has  considered  the  proposed  plan  for  the  disposal  of  the  sewage.  It 
appears  that  the  proposed  sewer  is  intended  to  provide  for  the  disposal  of 
the  house  sewage  from  several  houses  on  Joy  Street  west  of  North  Street, 
in  the  village  of  Ludlow.  The  proposed  point  of  discharge,  as  indicated 
by  you,  is  less  than  150  feet  down  stream  from  the  point  at  which  it  is  pro- 
posed to  discharge  the  sewers  of  the  Ludlow  Manufacturing  Company. 

The  proposed  method  of  disposing  of  the  sewage  by  discharging  it  in  a 
crude  state  into  the  Chicopee  River  appears  to  the  Board  to  be  permissible 
under  the  present  conditions,  though  the  time  may  come  when  it  will  be 
found  necessary  or  desirable  to  divert  all  sewage,  both  from  this  sewer  and 
from  the  sewer  of  the  Ludlow  Manufacturing  Company,  from  the  river. 

It  is  important,  in  discharging  the  sewage  into  the  river,  that  the  outlet 
pipe  be  carried  well  out  into  the  stream,  so  as  to  discharge  the  sewage  at  a 
considerable  distance  from  the  shore,  and  thus  avoid,  so  far  as  possible, 
the  danger  of  floating  matters  from  the  sewage  collecting  upon  the  shores 
in  the  vicinity  of  the  outlet. 

It  is  also  important  that  all  storm  water,  and,  so  far  as  possible,  ground 
water,  be  kept  out  of  the  sewer,  since  the  admission  of  storm  water  to  the 
sewer  would  increase  the  cost  of  disposing  of  the  sewage  in  the  future,  if  it 
shall  become  desirable  to  divert  it  from  the  river. 
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MiDDLEBOROUGH.  An  application  was  received,  May  1,  1899, 
from  the  selectmen  of  Middleborough,  for  the  advice  of  the  Board 
with  reference  to  the  disposal  of  the  sewage  of  the  town.  The 
Board  replied  to  this  application  as  follows  :  — 

June  14,  1899. 

The  State  Board  of  Health  received  from  you,  on  May  1,  1899,  an  appli- 
cation for  advice  with  reference  to  a  proposed  system  of  sewerage  and  sew- 
age disposal  for  the  town  of  Middleborough,  accompanied  by  a  report  by 
Freeman  C.  Coffin,  civil  engineer,  and  plans  of  the  proposed  system. 

The  plans,  in  general,  provide  for  two  main  sewers,  one  on  the  easterly 
and  the  other  on  the  westerly  side  of  the  main  village,  to  collect  the  sew- 
age from  existing  sewers  and  from  the  thickly  settled  portions  of  the  town 
which  seem  likely  to  need  sewerage  facilities  in  the  future,  and  convey  it 
by  gravity  to  a  proposed  filtration  area  located  in  the  vicinity  of  the  Plym- 
outh &  Middleborough  Railroad,  north-east  of  North  and  Everett  streets, 
and  between  those  streets  and  the  Nemasket  River,  where  it  is  proposed 
to  purify  the  sewage  by  intermittent  filtration,  and  to  discharge  the  eflfluent 
into  the  river. 

The  sewage  from  a  small  portion  of  the  village  in  the  vicinity  of  the 
river  near  the  Star  Mills  and  Water  Street  cannot  be  discharged  into  the 
proposed  system  by  gravity,  and  the  plan  provides  for  collecting  the  sew- 
age from  this  portion  of  the  village  and  pumping  it  into  the  easterly  main 
sewer,  w^hich  will  pass  near  by,  but  at  a  higher  elevation,  whenever  sewer- 
age facilities  shall  be  required  in  this  district. 

The  existing  sewers,  which  at  present  discharge  their  contents  into  the 
Nemasket  River,  receive  both  sewage  and  storm  water,  so  that  the  flow  is 
very  variable.  Measurements  made  by  your  engineer  indicate  that  the  flow 
in  dry  weather  is  probably  less  than  250,000  gallons  per  day  at  the  present 
time,  while  at  times  of  rainfall  the  flow  has  been  found  to  exceed  7,000,000 
gallons  per  day.  The  plans  submitted  provide  for  the  separation  of  storm 
water  from  the  sewage  by  diverting  the  storm  water  from  the  existing 
sewers  and  discharging  it  into  natural  drainage  channels,  or  into  the  out- 
lets of  existing  sewers  below  the  point  where  sewage  will  be  intercepted 
and  below  all  house  connections. 

The  sewage  as  it  arrives  at  the  filtration  area  will  flow  into  a  distributing 
tank  which  is  to  have  a  capacity  of  about  12,000  gallons,  from  which  the 
sewage  is  to  be  discharged  automatically  onto  filter  beds  and  trenches 
which  it  is  proposed  to  prepare  upon  the  filtration  area. 

The  westerly  main  sewer  is  designed  to  take  sewage  principally  from  the 
territory'  west  of  the  railroad,  in  which  no  sewers  have  as  yet  been  con- 
structed. When  this  sewer  is  built,  it  will  convey  sewage  to  the  same 
filtration  area  through  a  sewer  to  be  laid  in  the  vicinit}'  of  the  railroad. 

The  Board  has  considered  your  application  and  the  plans  and  report  sub- 
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mitted,  and  has  caused  the  locality  to  be  examined  by  its  engineer  and 
samples  of  soil  from  test  pits  at  the  proposed  filtration  area  to  be 
analyzed. 

It  is  not  practicable  to  convey  all  of  the  mingled  sewage  and  storm  water 
flowing  from  the  present  sewers  at  times  of  storms  and  winter  thaws  to  the 
filtration  area  and  purify  it,  so  that,  unless  the  sewage  is  separated  from 
the  storm  water,  it  will  be  necessary  at  such  times  to  discharge  large 
quantities  of  the  mingled  sewage  and  storm  water  into  the  Nemasket  River, 
or  some  of  its  tributaries,  through  overflows.  These  overflows  would  have 
to  be  so  arranged  that  sewage  would  not  be  discharged  into  the  river  except 
at  times  of  rain  or  thaw,  and  it  would  necessarily  be  impracticable  to  avoid 
conveying  to  the  filtration  area  at  such  times  much  larger  quantities  of  sew- 
age than  would  flow  in  the  sewers  at  any  time  if  storm  water  is  excluded. 
It  would  consequently  be  necessary  to  provide  a  much  larger  area  of  filter 
beds  than  would  be  required  to  properly  purify  the  sewage  if  the  storm 
water  should  be  wholly  separated  from  the  sewage  in  the  beginning.  The 
estimates  of  cost  submitted  by  your  engineer  show  that,  to  separate  the 
sewage  wholly  from  the  storm  water  in  the  beginning  and  convey  the  sew- 
age to  the  filtration  area,  while  the  storm  water  is  allowed  to  flow  through 
natural  channels  or  otherwise  into  the  Nemasket  River,  would  not  very 
materially  increase  the  cost  of  the  works  ;  and,  under  the  circumstances, 
the  Board  is  of  the  opinion  that  it  is  decidedly  for  the  best  interests  of  the 
town  to  separate  the  sewage  from  the  storm  water  in  the  beginning,  and  to 
prevent  further  pollution  of  the  Nemasket  River  by  crude  sewage. 

Examinations  of  the  soil  of  the  proposed  filtration  area  show  that  it  is 
well  adapted  to  the  purification  of  sewage  by  intermittent  filtration,  and  the 
area  is  of  ample  size  to  provide  for  the  disposal  of  all  of  the  sewage  of  the 
present  population  of  Middleborough  and  to  allow  for  a  considerable 
increase  in  the  quantity  of  sewage  in  the  future.  The  plan  for  disposing 
of  the  sewage  upon  the  proposed  filtration  area  provides  for  the  preparation 
of  a  part  of  the  area  in  the  form  of  filter  beds,  from  which  all  of  the  soil 
and  subsoil  will  be  removed  down  to  coarse  gravel,  and  for  the  preparation 
of  other  portions  of  the  area  where  circumstances  make  it  desirable  in  the 
form  of  trenches,  which  will  be  excavated  to  the  coarse  gravel  beneath  the 
subsoil  and  refilled  with  suitable  filtering  material.  Two  sets  of  filter  beds 
and  trenches  are  shown  upon  the  plans  submitted :  one  on  the  easterly 
side  of  the  area,  consisting  of  filter  beds  A,  B,  C,  D,  E  and  F,  and  trenches 
contiguous  to  beds  C  and  F  ;  and  the  other  consisting  of  filter  beds  G,  H, 
I  and  J,  with  trenches  contiguous  to  those  beds  on  their  westerly  side. 
The  Board  would  advise  the  construction  in  the  beginning  of  beds  G-,  H,  I 
and  J,  and  the  construction  of  the  easterly  trenches  shown  upon  the  plan 
submitted  and  about  half  of  the  westerly  trenches  contiguous  to  the  filter 
beds.  This  area  of  filters  will  be  ample  for  the  present  needs  of  the  town, 
and  will  not  require  enlargement   until  the  quantity  of   sewage  becomes 
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considerably  greater  than  at  present,  if   storm  water  is  kept  out  of  the 
sewers. 

The  plans,  as  a  whole,  with  the  modifications  suggested,  are,  in  the 
opinion  of  the  Board,  well  adapted  to  the  collection  and  purification  of  the 
sewage  of  the  thickly  settled  portions  of  Middleborough,  in  which  sewers 
have  already  been  built  or  in  which  sewerage  facilities  seem  likely  to  be 
required  in  the  future,  and  the  prevention  of  the  pollution  of  the  Nemasket 
River. 

By  excluding  storm  water  wholly  from  the  sewers  which  receive  sewage 
and  constructing  the  filter  beds  as  herein  advised,  and  by  providing  a  wide 
fringe  of  vegetation  along  the  sides  of  the  filtration  area,  as  suggested  by 
your  engineer,  all  reasonable  objections  to  the  use  of  this  area  for  the  dis- 
posal of  sewage  can,  in  the  opinion  of  the  Board,  be  avoided  if  the  beds  are 
properly  managed. 

In  response  to  the  request  contained  in  jouv  application,  received  May 
15,  1899,  for  the  approval  by  the  Board  of  the  purchase  or  taking  of  certain 
lands  for  sewage-disposal  purposes,  described  in  the  application  and  shown 
upon  a  plan  submitted  therewith,  the  State  Board  of  Health  gave  notice 
that  a  public  hearing  on  this  matter  would  be  given  at  its  office  on  June  1 , 
1899,  under  the  provision  of  chapter  50,  section  1,  of  the  Public  Statutes, 
as  amended  by  chapter  124  of  the  Acts  of  1890.  After  this  hearing  the 
State  Board  of  Health  voted  to  approve  the  purchase  or  taking  by  the  town 
of  Middleborough  for  the  purification  and  disposal  of  sewage  of  two  lots  of 
land  situated  on  the  north-east  side  of  North  and  Everett  streets  and  be- 
tween those  streets  and  the  Nemasket  River,  as  shown  upon  a  plan  sub- 
mitted by  the  authorities  of  Middleborough  on  May  15,  1899,  entitled 
"Plan  of  land  in  Middleborough,  Mass.,  belonging  to  Job  Braley,  to  be 
taken  for  filtration  purposes  for  Middleborough  sewerage  system.  Chester 
E.  Weston,  surveyor.  May,  1899.  Scale,  1  inchrz:80  feet,"  the  said  land 
being  bounded,  measured  and  described  as  follows  :  — 

Description  of  Land  in  Middleborough,  Mass.,  belonging  to  Job  Braley,  to  be 
taken  for  Filtration  Purposes  for  Middleborough  Sewerage  System. 

Two  lots  of  land  situated  in  Middleborough,  in  the  county  of  Plymouth  and 
Commonwealth  of  Massachusetts,  on  the  north-east  side  of  North  and  Everett 
streets  ;  said  lots  are  bounded  and  described  as  follows  :  — 

Number  one :  Beginning  at  a  stone  bound  on  the  north-east  side  of  Everett 
Street,  a  corner  of  land  owned  by  George  R.  Sampson,  thence  in  said  Sampson's 
line,  north  87^  30'  east,  six  hundred  and  fifty  (650)  feet  to  a  stone  bound  ;  thence 
same  course  about  twenty-seven  (27)  feet  to  the  Nemasket  River;  thence  in  the 
line  of  said  river  upstream  to  the  line  of  land  of  the  Plymouth  &  Middleborough 
Railroad;  thence  in  line  of  the  northerly  side  of  said  railroad  land  in  a  westerly 
direction,  to  a  stone  bound  in  line  of  said  North  Street ;  thence  in  line  of  said 
street,  north  21°  23'  west,  two  hundred  eight  and  seven-tenths  (208.7)  feet  to  a 
stone  bound ;  thence  in  line  of  said  Everett  Street,  north  15°  54'  west,  nine  hun- 
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dred  ninety-one  and  six-tenths  (991.6)  feet  to  a  stone  bound ;  thence  in  line  of  said 
street;  north  14°  20'  west,  three  hundred  fifty-three  (353)  feet  to  the  bound  first 
mentioned  ;  containing  twenty-seven  and  one-half  (27^)  acres. 

Number  two :  Beginning  at  a  stone  on  the  north-easterly  side  of  North  Street, 
thence  north  33'-  34'  east,  in  line  of  land  of  Job  Braley,  eight  hundred  twenty-two 
and  seven-tenths  (822.7)  feet  to  a  stone  bound  in  the  line  of  the  southerly  side  of 
the  said  Plymouth  &  Middleborough  Railroad ;  thence  in  said  railroad  line,  south 
80^  8'  east,  three  hundred  and  eighty-one  (381)  feet  to  the  Nemasket  River ;  thence 
in  line  of  said  river  upstream  to  the  land  owned  by  the  heirs  of  Philander  Wash- 
burn, deceased,  to  a  stone  bound ;  thence  in  line  of  said  Washburn  land,  south 
27-  26'  west,  two  hundred  and  forty-three  (243)  feet  to  a  stone  bound;  thence  in 
line  of  said  Braley's  land,  north  57°  9'  west,  two  hundred  and  ten  (210)  feet  to  a 
stone  Ijound ;  thence  north  68°  44  west,  one  hundred  thirty-five  and  thirty-five 
one-hundredths  (135.35)  feet  to  a  stone  bound;  thence  south  33°  34'  west,  three 
hundred  thirty-four  and  seven-tenths  (334.7)  feet  to  a  stone  bound  in  line  of 
said  North  Street ;  thence  in  line  of  said  street,  north  68°  5'  west,  thirty  and  sixty- 
five  one-hundredths  (30.65)  feet  to  the  bound  first  mentioned ;  containing  four  (4) 
acres. 

North  Adams.  An  application  was  received,  July  5,  1899,  from 
the  commissioner  of  public  works  of  North  Adams,  for  the  advice 
of  the  Board  with  reference  to  a  proposed  plan  for  diverting  the  sew- 
age from  a  portion  of  State  Street,  which  now  enters  the  south 
branch  of  the  Hoosac  River,  and  conveying  it  by  means  of  an  in- 
verted siphon  beneath  the  river  to  the  general  sewerage  system  of 
the  city.     The  Board  replied  to  this  application  as  follows  :  — 

Sept.  8, 1899. 

The  State  Board  of  Health  received  from  you,  on  July  5,  1899,  an  ap- 
plication for  advice  with  reference  to  a  proposed  plan  for  diverting  the 
sewage  from  an  existing  sewer  in  State  Street,  in  North  Adams,  through 
which  sewage  now  flows  into  the  southerly  branch  of  the  Hoosac  River  on 
the  westerly  side  of  the  stream,  and  conveying  it  by  means  of  inverted 
siphons  beneath  the  river  to  an  existing  sewer  in  State  Street  on  the  east- 
erly side  of  the  stream,  which  is  a  part  of  the  general  sewerage  system  of 
the  city. 

The  plan  submitted  provides  for  receiving  the  sewage  from  the  State 
Street  sewer  on  the  westerl}"  side  of  the  river  in  a  man-hole  which  will  also 
serve  as  a  catch-basin  from  which  two  inverted  siphons  of  iron  pipe  will  be 
laid  to  the  State  Street  sewer  on  the  easterly  side  of  the  river.  Each  of 
these  siphons  at  the  point  of  beginning  will  have  a  diameter  of  14  inches, 
according  to  the  plan  submitted,  which  quicklj'  reduces  to  12  inches,  and 
the  sewage  will  be  taken  from  a  level  considerably  below  the  surface  of  the 
sewage  in  the  man-hole  or  catch-basin,  but  above  the  bottom,  so  as  to 
avoid  taking  floating  matters  or  sediment  into  the  siphons.  The  inlet  to 
one  siphon  is  placed  at  a  somewhat  higher  level  than  the  other.     Between 
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this  man-hole,  or  catch-basin,  and  the  westerly  side  of  the  river  another 
man-hole  is  placed,  surrounding  the  principal  bend  in  the  iron  siphon  pipes, 
and  provision  is  made  for  opening  the  pipes  in  this  man-hole  for  the  pur- 
pose of  cleaning  them  out  in  case  they  should  become  stopped  up.  A 
connection  with  the  water  pipes  of  the  city  is  also  shown  just  above  this 
man-hole,  and  provision  is  made  for  the  necessary  gates,  so  that  the  avail- 
able pressure  of  the  city  water  works  can  be  used  in  flushing  out  the 
siphons  if  necessary.  On  the  easterly  side  of  the  river  the  provisions  for 
cleaning  out  the  sewer  in  case  of  stoppage  are  the  same  as  on  the  westerly 
side,  excepting  that  there  is  no  connection  with  the  water  main. 

The  Board  has  caused  the  locality  in  which  it  is  proposed  to  construct 
the  siphon  to  be  examined  by  one  of  its  engineers,  and  has  carefully  con- 
sidered the  plan  submitted.  It  will  be  advisable  to  so  arrange  the  pipes 
at  the  upper  end  of  the  siphon  that  the  lower  pipe  will  take  the  ordinary 
flow  of  sewage  and  the  higher  one  not  come  into  operation  except  at  times 
of  unusual  flow,  as  otherwise  more  care  might  be  necessary  in  keeping  the 
pipes  free  from  obstruction.  "With  this  modification  the  plan  is,  in  the 
opinion  of  the  Board,  a  satisfactory  one  for  the  purpose  for  which  it  is 
proposed. 

Northampton.  Under  the  provisions  of  section  2  of  chapter  354 
of  the  Acts  of  1888,  the  State  Board  of  Health,  on  March  22,  1889, 
approved  a  system  of  sewage  disposal,  which  had  been  proposed  by 
the  board  of  sewer  commissioners  of  Northampton,  with  certain 
modifications  and  amendments,  one  of  which  required  an  extension 
of  the  outlet  of  the  system  within  ten  years  from  the  date  of  the 
reply  of  the  Board,  unless  the  time  should  subsequently  be  extended 
by  the  Board. 

On  March  9,  1899,  the  Board  therefore  sent  a  communication  to 
the  mayor  of  Northampton,  calling  attention  to  the  provisions  of 
this  act  and  to  the  reply  of  the  State  Board  of  Health,  dated  March 
22,  1889,  a  copy  of  which  was  enclosed  in  this  communication. 

PiTTSFiELD.  A  general  plan  for  a  system  of  sewerage  and  sewage 
disposal  for  the  city  of  Pittsfield  was  presented  to  the  Board,  May 
11,  1891,  under  the  authority  of  chapter  357  of  the  Acts  of  1890, 
and  was  approved  by  the  State  Board  of  Health,  May  12,  1891,  with 
the  following  provisions  :  — 

This  plan  provides  for  the  permanent  disposition  of  the  sewage  by  inter- 
mittent filtration  through  the  areas  of  upland  indicated,  and  allows  the 
temporary  discharge  of  the  sewage  into  the  river  at  a  given  point  during 
the  construction  of  the  work ;  but  such  discharge  is  not  to  continue  after 
June  1,  1900. 
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An  order  was  adopted  by  the  city  authorities  of  Pittsfield,  June  5, 
1899,  providing  for  the  appointment  of  a  special  committee  to  peti- 
tion the  State  Board  of  Health  for  an  extension  of  time  in  which  to     ^ 
take  the  sewage  of  the  city  out  of  the  Housatonic  River. 

After  having  received  this  petition,  the  Board,  in  compliance 
therewith,  and  after  due  notice,  held  a  hearing  at  the  court  house  in 
Pittsfield,  Sept.  14,  1899,  at  which  parties  interested  were  present 
from  Pittsfield,  and  from  other  towns  on  the  Housatonic  River,  be- 
low Pittsfield. 

The  Board  took  the  subject  into  consideration,  and  answered  the 
petition  of  the  special  committee  of  Pittsfield  as  follows  :  — 

Oct.  6,  1899. 

To  the  Special  Committee  of  the  City  ofPiltsfielcl  on  Extension  of  Time  for  the  Re- 
moval of  the  Sewage  from  the  Housatonic  River. 

Gentlemen  :  —  In  response  to  the  petition  of  the  city  of  Pittsfield  for 
an  extension  of  time  for  the  removal  of  the  sewage  of  the  city  from  the 
Housatonic  River,  beyond  June  1,  1900,  the  State  Board  of  Health,  at  a 
meeting  held  at  its  office,  upon  Oct.  5,  1899,  took  the  following  action  :  — 

Voted,  That  fiu-ther  action  of  the  State  Board  of  Health  in  the  matter  of  the  Pitts- 
field sewage  disposal  be  postponed  till  June  1, 1900,  when,  in  the  opinion  of  the 
Board,  it  might  then  be  proper  to  extend  the  time  for  the  completion  of  the  sewage- 
disposal  works  until  Oct.  1,  1901,  ijrovided  the  city  of  Pittsfield  shall  have  mean- 
while shown  due  diligence  in  causing  the  necessary  surveys  to  be  made  and  in 
doing  svich  work  as  is  practicable  for  carrying  out  the  work  of  sewage  disposal  in 
accordance  with  the  plan  approved  by  the  State  Board  of  Health  in  1891. 

SoMERViLLE.  An  application  was  received,  July  18,  1899,  from 
the  mayor  of  Somerville,  for  the  advice  of  the  Board  relative  to  a 
proposed  system  of  drainage  for  a  district  in  that  city,  and  sub- 
sequently the  approval  of  the  Board  was  requested  of  a  plan  for 
discharojino;  sewaoe  and  storm  water  into  Miller's  River.  The  cor- 
respondence  and  ,final  reply  of  the  Board  were  as  follows  :  — 

Aug.  11,  1899. 
Hon.  George  O.  Proctor,  Mayor  of  Somerville,  Mass. 

Dear  Sir  :  —  Your  application  for  advice,  under  the  authority  of  chap- 
ter 375  of  the  Acts  of  1888,  with  reference  to  a  proposed  system  of  drain- 
age for  the  city  of  Somerville,  has  been  considered  by  the  State  Board  of 
Health,  and  the  Board  has  concluded  that,  in  view  of  the  provisions  of 
chapter  275  of  the  Acts  of  the  present  year,  the  Board  is  required  to  give 
a  hearing  before  taking  any  action  with  reference  to  advising  the  city  or 


No.  34.]        ADVICE   TO   CITIES    AND   TOWNS.  77 

approving  any  plan  as  to  the  disposal  of  its  drainage.  The  Board  has 
therefore  taken  no  further  action  in  the  matter,  but  a  hearing  will  be  given 
as  promptly  as  possible,  upon  receipt  of  a  request  and  plans  from  the  city 
of  Somerville,  under  the  provisions  of  section  2  of  chapter  275  of  the  Acts 
of  1899. 

The  plans  submitted  with  your  present  application  are  returned  here- 
with. 

Sept.  25,  1899. 

In  accordance  with  the  offer  of  the  city  of  Somerville,  made  at  a  hearing 
before  the  State  Board  of  Health,  September  7,  to  furnish  the  Board  with 
information  that  it  might  desire  relative  to  the  system  of  sewerage  and 
drainage  of  the  city  of  Somerville,  and  to  the  proposed  plan  to  construct 
and  maintain  a  drain  which  shall  discharge  into  Miller's  River,  in  order  to 
dispose  of  any  storm-water  overflow  from  its  main  drain  and  common  sewers, 
and  of  any  surface  water  or  any  other  waste  water  not  polluted  with  the 
sewage,  the  Board  would  request  that  more  definite  information  be  fur- 
nished with  reference  to  the  points  herein  mentioned. 

It  appears,  from  information  furnished  by  the  city  at  the  hearing  re- 
ferred to,  that  at  the  present  time  the  sewage  and  storm  water,  which  is  not 
received  into  the  metropolitan  sewer  in  times  of  storm,  flow  to  Charles 
River  through  a  sewer  in  Somerville  Avenue  in  Somerville  and  Bridge 
Street  in  Cambridge,  but  that  the  capacity  of  this  sewer  is  overtaxed  at 
times  of  heavy  rain  and  sewage  backs  up  into  the  cellars  of  several  hun- 
dred houses  in  Somerville. 

The  plan  submitted  for  the  approval  of  the  Board  provides  for  a  new 
sewer  to  be  laid  from  the  present  sewer  near  the  line  between  Cambridge 
and  Somerville  into  Mill  River ;  but  the  plans  and  information  submitted 
do  not  make  it  clear  to  the  Board  that  the  proposed  new  sewer  and  outlet 
would  relieve  to  a  material  extent  the  trouble  which  now  occurs. 

It  also  appears  that  it  is  proposed  to  construct  a  separate  system  of 
sewerage  for  a  part  of  the  territory  which  now  delivers  sewage  and  storm 
water  into  the  Somerville  main  sewer,  and  that  it  is  proposed  to  discharge 
the  sewage  into  the  metropolitan  sewer,  but  the  proposed  extent  of  the 
separate  system  of  sewerage  is  not  defined.  It  further  appears  that,  when 
the  proposed  separate  system  of  sewerage  is  constructed,  the  buildings  in 
the  low  districts  are  to  be  disconnected  from  the  present  main  sewer  and 
its  tributaries,  and  connected  with  the  separate  system,  but  that  all  storm 
water  and  drainage  will  continue  to  fiow  into  existing  sewers  tributary  to 
the  Somerville  main  sewer.  Drains  for  receiving  storm  water  only  have 
apparently  been  constructed  in  parts  of  the  district  tributary  to  the  Somer- 
ville Avenue  main  sewer,  but  these  drains  dischai'ge  into  the  main  sewer, 
so  that  the  water  becomes  mingled  with  sewage. 

In  considering  the  effect  of  the  proposed  outlet  into  Miller's  River,  the 
Board  desires  the  following  information  :  — 


78  STATE   BOARD    OF   HEALTH.  [Pub.  Doc. 

1.  The  limits  of  the  area  in  which  flooding  occurs  at  times  of  heavy 
rain,  under  present  conditions. 

2.  The  general  elevation  of  the  ground  in  the  various  parts  of  the  above 
area  and  the  general  elevation  of  the  cellars  of  buildings  in  the  area. 

3.  The  extent  of  the  area  in  which  it  is  proposed  to  provide  a  separate 
system  of  sewerage,  and  the  time  when  it  is  proposed  to  complete  and  be- 
gin the  use  of  the  separate  system. 

4.  The  proposed  method  of  collecting  and  disposing  of  the  storm  water 
in  the  district  in  which  it  is  proposed  to  provide  a  separate  system  of  sew- 
erage, and  the  proposed  method  of  collecting  and  disposing  of  the  sewage 
and  storm  water  in  the  remaining  portion  of  the  district  now  tributary  to 
the  Somerville  Avenue  main  sewer,  in  which  sewers  upon  the  separate  plan 
will  not  be  provided. 

5.  Profiles  of  the  Somerville  Avenue  main  sewer  and  its  principal  trib- 
utaries in  the  district  now  affected  by  flooding,  and  an  estimate  of  the 
amount  of  rain  that  must  enter  the  sewer  to  cause  an  overflow  into  Miller's 
River. 

6.  Such  information  as  you  can  give  as  to  the  time  required  for  sewage 
that  may  be  discharged  in  the  vicinity  of  the  proposed  sewer  outlet,  at  the 
upper  end  of  Miller's  River,  to  be  carried  by  the  tide  into  the  main  current 
of  Charles  River. 

It  appears  that  much  work  has  already  been  done  by  the  city  of  Somer- 
ville in  separating  the  sewage  from  the  storm  water  in  the  district  in  ques- 
tion ;  and  the  Board  desires  to  be  informed  whether  it  is  not  feasible  for 
the  city  of  Somerville  to  carry  out  further  the  plan  for  separating  the  sew- 
age of  the  district  in  question  from  the  storm  water,  so  that  storm  water 
unpolluted  by  sewage  can  be  discharged  into  Miller's  River,  and  at  the 
same  time  the  flooding  of  the  low  districts  be  prevented  as  far  as  it  is 
practicable  to  prevent  it. 

Nov.  17,  1899. 

The  State  Board  of  Health  received  from  you,  on  Aug.  24,  1899,  the 
following  application  with  reference  to  a  storm-water  overflow  from  the 
main  drain  and  common  sewers  of  the  city  of  Somerville  :  — 

Acting  under  the  authority  of  chapter  275  of  the  Acts  of  1899  of  the  Legislature 
of  said  Commonwealth,  the  city  of  Somerville,  a  municipal  corporation  within  the 
said  Commonwealth,  hereby  gives  notice  of  its  intention  to  construct  and  maintain 
a  drain  which  shall  discharge  in  Miller's  River,  in  order  to  dispose  of  any  storm- 
water  overflow  from  its  main  drain  and  common  sewers,  and  of  any  surface  water 
or  any  other  waste  water  not  polluted  with  sewage,  and  herewith  submits  a  plan 
thereof  for  your  approval. 

The  application  was  accompanied  by  a  plan  showing  the  district  drained 
by  the  Somerville  Avenue  main  sewer  at  the  place  at  which  the  proposed 
overflow  is  to  be  located,  and  by  a  plan  showing  the  proposed  storm-water 
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overflow  drain,  beginning  at  Somerville  Avenue  main  sewer  near  the  line 
between  Cambridge  and  Somerville,  and  ending  at  low-water  mark  at  the 
head  of  Miller's  River,  at  the  boundary  line  between  the  cities  of  Cam- 
bridge and  Somerville. 

Upon  receipt  of  the  application  the  State  Board  of  Health  gave  notice 
that  a  hearing  would  be  given  at  its  office  on  Thursday,  Sept.  7,  1899,  with 
reference  to  the  proposed  plan.  At  this  hearing  the  authorities  of  the  city 
of  Somerville  offered  to  furnish  the  State  Board  of  Health  with  further  in- 
formation that  it  might  desire  relative  to  the  system  of  sewerage  and  drain- 
age of  the  city  of  Somerville,  and  to  the  proposed  overflow  from  its  main 
drain  and  common  sewers ;  and  in  response  to  a  request  of  the  Board  of 
September  27  you  presented  further  information  as  to  the  matters  referred 
to,  in  a  letter  and  in  a  reply  of  your  engineer  to  questions  submitted  by 
the  Board. 

Your  plan  for  relief  from  the  trouble  from  flooding  of  cellars  is  stated  in 
a  general  way  by  your  engineer  as  follows  :  — 

One  scheme  for  partial  relief  involves  an  outlet  into  Miller's  River  on  the  north 
side  of  the  Boston  &  Lowell  Railroad  at  the  East  Cambridge  line.  The  outlet 
would  be  protected  by  automatic  tide  gates,  so  arranged  as  to  exclude  the  tide  as 
long  as  the  water  within  the  sewer  was  lower  than  the  elevation  of  the  water  out- 
side. .  .  . 

Records  of  the  United  States  government  show  that  in  a  period  of  eighteen  years 
the  number  of  tides  reaching  grade  13  was  41  and  the  average  rise  of  the  tide 
during  the  same  period  was  10^  feet  above  mean  low  water. 

These  figures  demonstrate  that  there  could  be  a  theoretical  possibility  of  cellars 
at  grade  13  being  flooded  about  twice  a  year,  on  an  average,  even  after  the  con- 
struction of  the  relief  drains.  It  would,  of  course,  be  necessary,  in  order  to  pro- 
duce this  flooding,  that  there  should  be  rain  during  or  immediately  preceding  the 
brief  period  of  excessive  tidal  height.  But  another  means  of  jjreventing  this  flood- 
ing has  been  considered  and  adopted  in  conjunction  with  the  foregoing  scheme. 

The  sewers  of  Somerville  are  designed  on  what  is  known  as  the  "  combined 
system,"  in  which  the  sewage  from  the  houses  and  the  rainfall  from  the  entire 
area  are  both  dealt  with  by  a  single  underground  channel.  The  capacity  of  these 
channels  is  practically  determined,  not  by  the  comparatively  insignificant  volume 
of  sewage,  but  the  maximum  flow  of  rainfall  estimated  to  reach  them  at  a  given 
time.  The  sewers  in  the  Somerville  Avenue  district  are  far  from  being  large 
enough  to  deal  with  this  estimated  volume  under  the  normal  head  in  the  respective 
sewers,  but,  as  has  already  been  stated,  the  discharge  through  them  can  be,  and 
is,  largely  increased  by  working  them  under  pressure. 

The  only  means  by  which  this  could  be  taken  advantage  of,  for  future  drainage, 
without  subjecting  adjacent  cellars  to  the  present  risk  of  flooding,  is  to  cut  off  the 
house  drains  from  the  existing  sewers,  use  the  latter  for  storm  water  only,  and 
construct  a  new  system  of  sewers,  of  greatly  reduced  size,  to  receive  the  house 
sewage  (not  including  roof  water)  through  new  connections  between  them  and 
the  cut-off  house  drains. 

This  system  provides  for  pipe  sewers  in  each  street ;  in  many  cases  two  sewers, 
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one  under  each  sidewalk,  are  included,  so  as  to  avoid  the  numerous  house  drain 
crossings  under  the  larger  existing  sewers. 

The  alteration  of  the  house  drainage  would  iu  many  cases  be  a  distinct  gain  in 
a  sanitary  sense,  as  much  of  this  work,  in  the  older  part  of  the  city,  was  done  be- 
fore the  adoption  of  the  regulation  now  in  force  affecting  this  class  of  work. 

A  modification  of  this  scheme,  restricting  the  new  "separate"  sewers  to  the 
low-lying  area  in  which  trouble  from  flooding  is  experienced,  has  been  adopted, 
and  about  3i  miles  will  be  completed  in  1899.  When  wholly  completed,  it  pro- 
vides for  all  parts  of  the  area  in  which  low  cellars  exist ;  the  house  sewage  from 
the  remainder  of  the  area,  the  high  portion,  would  continue  to  be  dealt  with  by 
the  existing  combined  sewers. 

The  information  furnished  by  you  fui'ther  shows  that  the  area  affected 
by  flooding  includes  about  255  acres,  and  that  within  this  area  there  are 
about  900  cellars  that  are  subject  to  flooding  under  present  conditions, 
some  of  them  being  below  the  level  of  an  ordinary  high  tide.  It  is  also 
stated  in  the  communication  of  your  engineer  that  no  accurate  estimate  of 
the  amount  of  rainfall  required  to  cause  an  overflow  into  Miller's  River  can 
be  determined  under  all  the  varying  circumstances  and  conditions  encoun- 
tered within  the  area,  but  that  the  discharge  iu  the  Somerville  Avenue  main 
sewer  would  increase  to  about  four  times  the  present  dry- weather  flow  be- 
fore an  overflow  would  take  place. 

With  regard  to  the  time  required  for  the  sewage  that  would  be  discharged 
by  the  proposed  plan  in  the  vicinity  of  the  proposed  new  outlet  at  the  upper 
end  of  Miller's  River  to  be  carried  by  the  tide  to  the  main  current  of 
Charles  River,  it  is  stated  in  the  communication  of  your  engineer  that  the 
dischai'ge  from  the  overflow  would  reach  Charles  River  at  different  intervals 
of  time,  according  to  the  different  conditions  of  tide  and  the  time  of  dis- 
charging, any  floating  matter  being  carried  to  Charles  River  on  the  next 
return  tide  out  of  Miller's  River, 

The  Board  has  carefully  considered  the  plans  and  information  submitted, 
and  has  caused  an  examination  to  be  made  of  the  proposed  outlet  into 
Miller's  River  and  tests  of  the  movements  of  the  water  in  this  estuary  to 
be  made  by  means  of  floats.  It  is  evident  that,  as  stated  by  your  engi- 
neer, the  proposed  overflow  into  Miller's  River  will  in  itself  be  only  a 
partial  relief  for  the  flooding  of  cellars  in  Somerville,  since  from  the  in- 
formation submitted  it  appears  that  some  of  these  cellars  are  below  the 
level  of  an  ordinary  high  tide  and  many  more  below  tides  that  frequently 
occur. 

While  the  proposed  new  outlet  would  reduce  somewhat  the  height  to 
which  water  iu  the  sewers  would  rise,  and  consequently  would  reduce 
somewhat  the  number  of  cellars  that  would  be  affected  by  flooding  and  the 
depth  to  which  they  would  be  flooded,  it  appears  that  you  do  not  expect 
full  relief  until  some  indefinite  time  in  the  future,  when  the  separate  sys- 
tem for  the  low  area  may  be  completed. 
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At  the  present  time,  the  dry-weather  flow  of  sewage  is  taken  into  the 
metropolitan  sewer;  but  when  the  flow  is  increased  by  rain  or  melting 
snow  to  about  three  times  the  dry-weather  flow,  the  flow  into  the  metro- 
politan sewer  is  shut  off,  and  the  mingled  sewage  and  storm  water  finds  an 
outlet  through  the  present  sewer  into  Charles  River  at  Craigie  bridge.  By 
the  proposed  plan  it  appears  from  the  information  furnished  by  you  that 
an  overflow  will  take  place  into  Miller's  River,  when  the  quantity  of  mingled 
sewage  and  storm  water  amounts  to  about  four  times  the  present  dry- 
weather  flow  of  sewage.  Judging  from  the  information  available  as  to  the 
quantity  of  this  dry-weather  flow  and  from  the  size  of  the  water-shed,  it 
appears  that  the  dry-weather  flow  would  be  increased  to  four  times  its 
present  quantity  by  a  rainfall  of  about  .014  of  an  inch  per  hour  reaching 
the  sewers  ;  so  that  it  is  evident  that  the  overflow  would  come  into  opera- 
tion in  nearly  every  shower  or  thaw  that  will  cause  water  to  flow  in  the 
street  gutters,  at  which  times  the  street  washings  and  nearly  all  of  the 
sewage  of  the  Somerville  Avenue  sewer  would  be  flowing  into  Miller's 
River. 

There  is  no  stream  flowing  into  the  upper  end  of  Miller's  River  to  main- 
tain a  current  through  it,  and  tests  made  by  the  Board  by  means  of  floats 
show  that  floating  matters  deposited  in  the  water  in  the  vicinity  of  the 
upper  end  of  Miller's  River  are  likely  to  remain  within  the  stream  for  three 
or  four  days  and  even  longer.  Under  these  conditions,  if  sewage  is  intro- 
duced the  suspended  organic  matters  will  settle  and  collect  on  the  sides 
and  bottom  of  the  river  and  will  undoubtedly  produce  a  nuisance,  which 
must  be  avoided 

It  is  highly  important  to  prevent  the  flooding  of  cellars  in  the  low  dis- 
tricts of  Somerville,  and  it  appears  to  be  entirely  practicable  to  do  this  in 
nearly  all  cases  by  disconnecting  the  sewers  from  the  Somerville  Avenue 
sewer  and  connecting  them  directly  with  the  metropolitan  sewer,  and  if 
the  storm  water  was  separated  wholly  from  the  sewage  it  would  be  permis- 
sible to  discharge  this  storm  water  into  Miller's  River ;  but  the  Board  is 
of  the  opinion  that  the  public  health  requires  that  sewage  should  be  kept 
out  of  Miller's  River,  and  that  no  sewage  should  be  discharged  into  this 
estuary,  at  least  above  the  Prison  Point  bridge.  Furthermore,  if  the  plan 
you  propose  should  be  carried  out  and  a  separate  system  of  sewers  con- 
structed in  the  low  districts  discharging  directly  into  the  metropolitan 
sewer,  and  the  present  sewers  be  utilized  to  remove  the  storm  water  of  the 
low  districts,  together  with  the  mingled  sewage  and  storm  water  of  the 
high  districts  tributary  to  the  Somerville  Avenue  sewer,  this  sewage  would 
still  be  discharged  into  Miller's  River,  and  such  a  method  of  disposing  of 
any  of  the  sewage  of  Somerville  should,  in  the  opinion  of  the  Board,  be 
avoided.  This  can  be  done  by  separating  the  storm  water  wholly  from 
the  sewage  in  a  portion  of  the  district  and  conveying  this  storm  water  un- 
polluted by  sewage  to  Miller's  River.     By  thus  diverting  a  sutflcient  por- 
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tion  of  the  storm  water  from  the  present  main  sewer  in  Somerville  Avenue 
to  prevent  its  capacity  from  being  overtaxed  at  times  of  storms,  this  sewer 
can  be  used  to  remove  to  Charles  River  the  storm  water  which  may  be 
mingled  with  sewage  from  the  remainder  of  the  district ;  and,  in  the 
opinion  of  the  Board,  it  is  desirable  that  progress  be  continually  made 
toward  separating  the  sewage  from  the  storm  water  and  removing  all  of 
the  sewage  of  this  district  directly  into  the  metropolitan  sewer,  to  the  end 
that  finally  no  sewage  be  discharged  with  the  storm  water  into  Charles 
River. 

For  the  reasons  given,  the  State  Board  of  Health,  acting  under  the  au- 
thority of  chapter  275  of  the  Acts  of  1899  of  the  G-eneral  Court  of  the 
Commonwealth,  does  not  approve  the  plan  presented  by  the  city  of  Som- 
erville for  disposing  of  the  storm-water  overflow  from  its  main  drain  and 
common  sewers  by  discharging  it  into  Miller's  River. 

SouTHBRiDGE.  An  application  was  received,  June  19,  1899, 
from  the  sewer  commissioners  of  Southbridge,  for  the  advice  and 
approval  of  the  Board  of  a  system  of  sewerage  and  sewage  disposal 
for  that  town.     The  Board  replied  to  this  application  as  follows  :  — 

Aug.  4,  1899. 

The  State  Board  of  Health  received  from  you,  on  June  19,  1899,  an 
application  for  the  approval  of  a  system  of  sewerage  and  sewage  disposal 
for  the  town  of  Southbridge,  said  application  being  as  follows  :  — 

The  town  of  Southbridge,  by  its  sewer  commissioners  and  in  conformity  to  sec- 
tion 2  of  an  act  authorizing  the  town  of  Southbridge  to  construct  and  maintain  a 
system  of  sewage  and  sewage  disposal,  passed  in  the  year  1899,  respectfully  peti- 
tion your  Honorable  Board  to  approve  of  a  system  of  sewerage  adopted  by  the 
town  at  a  meeting  held  June  29, 1898,  with  such  modifications  as  may  seem  proper 
to  your  Honorable  Board,  a  plan  already  being  on  file  at  your  office.' 

Also,  that  said  town  may  by  its  commissioners  construct  such  part  or  parts  of 
said  system  as  are  shown  on  the  small  plan,  accompanying  this  petition,  the  pro- 
posed work  being  shown  in  green. 

Also,  that  said  town  may  construct  such  part  or  parts  of  a  main  sewer,  leading 
to  the  disposal  beds,  and  make  such  modifications  in  the  same,  as  are  shown  on 
said  small  plan,  and  are  marked  in  orange  thereon. 

Also,  that  said  town  may  make,  construct  and  use,  on  land  already  purchased, 
disposal  beds  for  the  purification  and  disposal  of  its  sewage,  as  will  more  fully 
appear  on  the  plan  of  proposed  filter  beds  and  description  annexed  hereto  and 
made  a  part  of  this  petition. 

Also,  the  right  to  take,  use  or  construct  all  ways  or  drains  necessary  to  carry 
out  the  above  proposed  work,  with  such  modifications  or  changes  as  may  seem 
proper,  when  detail  and  working  plans  are  made  for  the  construction  of  the 
same. 
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The  application  was  accompanied  by  a  report  and  plan  of  a  system  of 
sewerage  and  sewage  disposal,  prepared  by  F.  L.  Fuller,  C.E.,  of  Bos- 
ton, and  adopted  by  the  town  of  Southbridge  at  a  town  meeting  held  on 
June  29,  1898 ;  and  by  two  other  plans,  one  showing  the  proposed  modifi- 
cations in  the  plan  of  sewerage  adopted  by  the  town  on  the  above  date,  and 
the  other  showing  a  system  of  filter  beds  which  it  is  proposed  to  construct 
on  the  northerly  side  of  the  Quinebaug  River  in  the  vicinity  of  the  Saunders- 
dale  millpond  and  a  short  distance  below  the  new  Lensdale  dam,  so  called. 

The  plan  of  sewerage  and  sewage  disposal  adopted  by  the  town  at  its 
meeting  on  June  29,  1898,  provides  for  a  general  system  of  sewerage  for 
all  of  the  thickly  inhabited  portions  of  the  town  of  Southbridge,  and  for  the 
disposal  of  the  sewage,  except  from  a  small  district  near  Saundersdale, 
upon  filtration  areas,  one  of  which  is  located  on  the  northerly  side  of  the 
Quinebaug  River  in  the  vicinity  of  the  Saundersdale  millpond  and  a  short 
distance  below  the  new  Lensdale  dam,  and  the  other  in  the  vicinity  of  Dean 
Brook,  a  short  distance  further  down  stream.  The  small  district  near 
Saundersdale  is  provided  for  by  a  sewer  in  Main  Street  extending  from  a 
point  a  short  distance  east  of  the  North  Woodstock  road  to  the  Quinebaug 
River  just  below  the  bridge  at  Saundersdale,  where  it  is  proposed,  appar- 
ently, to  discharge  the  sewage  directly  into  the  river.  ij 

It  is  proposed  in  the  beginning  to  construct  filter  beds  on  land  owned  by 
the  town  located  on  the  northerly  side  of  the  Quinebaug  River  in  the  vicinity 
of  the  Saundersdale  millpond,  this  land  being  included  in  the  upper  of  the 
two  filtration  areas  referred  to  above.  The  proposed  system  provides  for 
sewers  to  receive  sewage  only,  and  it  is  proposed  to  keep  storm  water,  and, 
so  far  as  practicable,  ground  water,  out  of  the  sewers. 

Several  sewers  have  already  been  constructed  in  the  town,  and  on  one  of 
the  plans  submitted  with  your  application  you  indicate  certain  streets  in 
which  it  is  proposed  to  begin  the  constraction  of  sewers.  This  plan  also 
shows  a  modification  in  the  line  of  the  main  sewer,  whereby,  instead  of 
carrying  the  main  sewer  across  the  millpond  above  the  Lensdale  dam  to  the 
proposed  filtration  area  on  the  northedy  side  of  the  river  in  the  vicinity  of 
the  Saundersdale  millpond,  it  is  proposed  to  continue  the  sewer  on  the 
southerly  side  of  the  river  through  Main  Street  and  private  land  to  the 
intersection  of  Main  Street  with  the  North  Woodstock  road,  from  which 
point  it  is  proposed  to  carry  the  sewer  across  the  river  to  the  proposed  fil- 
tration area  by  means  of  a  bridge. 

The  plan  of  the  proposed  filtration  area  submitted  with  your  application 
shows  24  filter  beds,  having  an  aggregate  area  of  about  11 J  acres,  16  of 
which  are  located  on  land  owned  by  the  town,  and  it  is  proposed  to  con- 
struct these  16  beds  for  immediate  use.  The  elevation  of  the  surface  of 
the  proposed  filter  beds  and  the  elevation  of  the  top  of  the  dam  at  the  out- 
let of  the  Saundersdale  millpond  are  shown  upon  this  plan,  and  the  loca- 
tion of  the  underdrains  beneath  the  filter  beds  are  also  shown.     At  the 
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request  of  the  Board  you  have  also  shown  details  of  a  proposed  flush  tank, 
into  which  the  sewage  will  be  discharged  at  the  filtration  area,  and  the 
method  of  distributing  the  sewage  and  removing  surface  water  and  under- 
drainage. 

The  Board  has  carefully  considered  the  application  and  the  report  and 
plans  submitted  therewith,  and  has  considered  the  results  of  examinations 
of  the  proposed  system  and  of  the  location  of  the  filter  beds  made  by  its 
engineers.  The  proposed  system  of  sewerage  will  provide  satisfactorily 
for  the  removal  of  the  sewage  of  all  of  the  district  which  it  is  designed  to 
serve,  and  the  filter  beds  are  of  ample  size  to  purify  all  of  the  sewage  from 
the  sewers  now  constructed  and  the  sewers  which  it  is  proposed  to  con- 
struct in  the  near  future,  as  indicated  upon  the  plan  submitted,  if  storm 
water,  and,  so  far  as  is  practicable,  ground  water,  are  kept  out  of  the 
sewers.  It  appears  to  be  practicable  to  enlarge  the  filtration  area  by  con- 
structing filter  beds  Nos.  17  to  24  inclusive,  as  shown  upon  the  plan  sub- 
mitted, whenever  extensions  of  the  system  of  sewerage  or  the  increase  in 
the  quantity  of  sewage  shall  make  additional  filter  beds  necessary.  When 
the  capacity  of  this  filtration  area  has  been  fully  developed,  suitable  areas 
for  the  disposal  of  the  sewage  are  found  in  the  valley  of  Dean  Brook,  near 
the  river  further  down  stream,  to  which  the  main  sewer  can  be  extended 
when  necessary. 

The  plan  adopted  June  29,  1898,  shows  a  sewer  extending  from  Main 
Street  across  the  millpond  about  550  feet  above  the  new  Lensdale  dam,  and 
thence  along  the  northerly  side  of  the  river  as  far  as  the  valley  of  Dean 
Brook.  A  portion  of  this  sewer  is  now  rendered  unnecessary  by  the  pro- 
posed modifications  in  the  plan  submitted,  and  the  remaining  portion  by 
which  sewage  would  in  the  future  be  conveyed  to  the  valley  of  Dean  Brook 
would  be  much  more  difficult  to  construct  than  a  sewer  located  on  the 
southerly  side  of  the  river;  so  that  it  is  probable  that,  when  it  becomes' 
necessary  to  make  an  extension  of  the  system  to  the  valley  of  Dean  Brook, 
some  other  route  for  the  sewer  will  be  found  desirable.  It  seems  probable 
that  further  examination  may  show  that  it  is  practicable  to  purify  the  sew- 
age which  would  naturally  be  discharged  into  a  sewer  laid  in  Main  Street 
from  the  vicinity  of  the  North  Woodstock  road  to  the  Quinebaug  River  at 
Saundersdale,  and  it  is  very  desirable,  in  the  opinion  of  the  Board,  to  avoid 
the  pollution  of  the  Quinebaug  River  by  crude  sewage.  In  any  case,  it 
does  not  appear  that  the  need  of  sewerage  in  this  portion  of  the  town  is 
likely  to  require  the  construction  of  this  sewer  for  a  considerable  time  in 
the  future. 

Since  the  sewer  on  the  northerly  side  of  the  river  already  referred  to 
does  not  seem  to  be  necessary,  and  since  it  appears  to  be  for  the  interests 
of  the  town  to  avoid  the  discharge  of  crude  sewage  into  the  river  in  the 
vicinity  of  Saundersdale,  the  Board  modifies  and  amends  the  plans  sub- 
mitted by  striking  out  therefrom  all  of  the  sewer  shown  upon  the  plans 
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which  extends  from  Main  Street  across  the  millponcl  above  the  new  Lens- 
dale  dam  and  along  the  northerly  side  of  the  Quinebaug  River  down  to  the 
valley  of  Dean  Brook  ;  and  by  striking  out  the  proposed  sewer  in  Main 
Street  from  a  point  about  200  feet  east  of  the  junction  of  Main  Street  with 
the  North  AVoodstock  road  to  the  Quinebaug  River  at  Saundersdale.  With 
these  two  modifications  and  amendments,  the  Board  approves  the  plan  of 
sewerage  and  sewage  disposal  for  the  town  of  Southbridge,  prepared  by 
F.  L.  Fuller,  C.E.,  of  Boston,  and  adopted  by  the  town  of  Southbridge  at 
a  town  meeting  held  on  June  29,  1898  ;  and  approves  the  modifications 
proposed  by  your  board  and  shown  upon  the  plan  submitted  to  the  State 
Board  of  Health  June  19,  1899,  entitled  "Plan  of  sewerage  for  the  town 
of  Southbridge,"  upon  which  the  proposed  modifications  are  shown  ;  and 
approves  the  plan  of  sewage  disposal  as  shown  upon  the  plan  submitted 
by  you  June  19,  1899,  entitled  "  Town  of  Southbridge.  Plan  of  pro- 
posed filter  beds  on  area  No.  1.  11.44  acres.  Scale  80' z=:  one  inch. 
A.  C.  Moore,  C.E.     1899." 

By  providing  underdrains  beneath  the  sewers  in  wet  places  and  discharg- 
ing them  into  local  water  courses,  much  leakage  into  the  sewers  may  be 
prevented  and  a  considerable  saving  effected  in  the  cost  of  disposing  of  the 
sewage. 

The  plans  submitted  show  a  waste  pipe  from  the  man-hole  in  Main  Street 
opposite  the  filter  beds,  through  which  the  sewage,  by  opening  a  gate,  can 
be  discharged  directly  into  the  river.  Some  emergency  may  arise  which 
may  require  the  use  of  this  overflow  ;  but  it  is  understood  that  it  is  to  be 
opened  only  in  emergency,  and  is  not  for  frequent  or  regular  use,  and  that 
there  are  to  be  no  automatic  overflows  in  connection  with  the  system  by 
which  sewage  may  be  discharged  at  any  place  except  upon  the  filter  beds. 

It  is  proposed  to  remove  sludge  from  the  flush  tank  by  pumping  it  into 
carts  and  removing  it  to  a  suitable  place  of  disposal.  This  will  be  a  some- 
what expensive  method,  and,  while  it  does  not  seem  likely  that  the  quan- 
tity of  sludge  that  will  require  removal  in  this  way  will  be  large,  it  would 
probably  be  best  to  provide  a  sludge  bed  upon  which  the  tank  could  be  dis- 
charged from  time  to  time  when  it  is  desired  to  clean  it  out.  Even  if  it 
should  be  necessary  to  locate  the  sludge  bed  at  some  place  where  it  would 
be  flooded  at  periods  of  high  water  in  the  river,  the  flooding  would  not  seri- 
ously interfere  with  its  usefulness  if  the  bed  is  protected  from  injury  by  the 
current  of  the  river. 

The  main  underdrains  beneath  the  filter  beds  appear  to  be  of  ample  size 
to  remove  the  drainage  that  may  be  expected  to  enter  them,  and  it  is  pro- 
posed to  provide  lateral  underdrains  as  frequently  as  may  be  found  neces- 
sary. The  beds  are  so  situated  that  it  is  difficult  to  predict  how  large  a 
quantity  of  underdrainage  will  have  to  be  removed,  since  there  is  liable  to 
be  a  considerable  filtration  of  water  from  the  river  into  the  beds  and  a  con- 
siderable flow  of  ground  water  toward  them  from  the  laud  side.     If  in  the 
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construction  of  the  beds  it  is  found  that  the  quantity  of  ground  water  to  be 
dealt  with  is  likely  to  be  larger  than  is  now  expected,  it  will  be  necessary 
to  provide  a  liberal  system  of  underdrainage  to  keep  the  water  at  a  low 
level  in  the  beds  and  allow  ample  opportunity  for  the  air  to  enter  the  filters 
after  each  application  of  sewage. 

Stockb RIDGE.  An  application  was  received  from  the  authorities 
of  Stockbridge,  March  6,  1899,  for  the  advice  of  the  State  Board  of 
Health  with  reference  to  the  sewage  disposal  of  the  town.  The 
Board  replied  to  this  application  as  follows  :  — 

Mat  18,  1899. 

The  State  Board  of  Health  received  from  you,  on  March  6,  1899,  an 
application  for  advice  with  reference  to  the  disposal  of  the  sewage  of  the 
town  of  Stockbridge,  accompanied  by  plans  showing  a  system  of  sewers  for 
the  main  village  of  Stockbridge  connecting  with  a  main  sewer  running 
north-westerly  near  a  brook  parallel  with  Main  Street  to  Church  Street, 
through  which  street  and  the  road  to  West  Stockbridge  the  sewer  passes  to 
a  proposed  filtration  area  known  as  the  Barnes  pasture  lot,  situated  on  the 
northerly  side  of  the  Housatouic  River  about  one  mile  north-west  of  the 
main  village  of  Stockbridge,  where  it  is  proposed  to  purify  the  sewage  by 
applying  it  to  land  and  to  discharge  the  effluent  into  the  Housatonic 
River.  - 

On  May  9,  1899,  a  modified  plan  of  the  sewage-disposal  area  was 
received,  showing  filter  beds  for  the  purification  of  the  sewage  by  intermit- 
tent filtration,  having  an  area  of  about  one  acre  and  a  half,  and  an  area  of 
about  three  acres  of  land  upon  which  it  is  proposed  to  dispose  of  a  portion 
of  the  sewage  by  irrigation. 

The  plans  submitted  provide  for  the  construction  of  six  filter  beds  by 
taking  sand  from  the  higher  parts  of  the  sewage-disposal  area  and  deposit- 
ing it  on  the  land  in  the  lowest  portion  of  the  area.  The  elevation  of  the 
land  at  the  place  where  it  is  proposed  to  construct  the  filter  beds  is  for  the 
most  pax't  between  2  and  3  feet  above  the  level  of  ordinary  high  water 
in  the  river,  which  is  approximatel}'  at  grade  81,  and  it  is  proposed  to  con- 
sti'uct  the  beds  so  that  their  surfaces  will  be  at  a  level  about  5  feet  above 
high  water,  or  at  grade  86  on  the  plan  submitted. 

It  is  proposed  to  provide  underdrains  about  23  feet  apart  beneath  the 
beds,  the  elevation  of  the  underdrains  at  their  upper  ends  being  at  grade 
82  and  at  the  lower  end  from  grade  81  to  grade  81.3.  The  depth  of  the 
filtering  material  over  the  underdrains  will  therefore  be  from  4  to  5  feet, 
and  between  the  underdrains  the  depth  will  range  from  3^  to  4  feet. 

The  land  which  it  is  proposed  to  prepare  for  irrigation  is  to  be  graded 
with  the  most  available  material  to  a  uniform  slope  of  1  foot  in  100  from 
the  upper  side  to  the  lower  side,  the  total  width  of  the  field  being  about  330 
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feet  and  the  surface  at  the  upper  side  being  at  grade  87.  This  area  is  also 
to  be  underdrained  with  drains  30  feet  apart,  which  will  be  4.5  feet  below 
the  surface  at  the  upper  side  of  the  area  and  about  2.7  feet  at  the  lower 
side. 

The  Board  has  caused  the  locality  to  be  examined  by  its  engineer  and 
has  carefully  considered  the  reports  and  plans  submitted.  The  main  and 
tributary  sewers  provide  for  collecting  sewage  from  practicall}'  all  of  the 
present  buildings  in  the  main  village  of  Stockbridge  and  for  the  conveyance 
of  this  sewage  to  the  proposed  disposal  area. 

By  a  plan  submitted  in  1896  the  basements  of  several  buildings  in  the 
village  were  below  the  level  of  the  sewers  into  which  cellar  fixtures  would 
naturally  drain.  By  the  present  plan  some  of  the  sewers  will  be  laid  at  a 
higher  level,  but  no  information  has  been  submitted  to  show  whether  a 
larger  number  of  cellars  would  be  affected  in  the  manner  referred  to  than 
by  the  previous  plan.  In  the  plan  submitted  it  appears  to  be  feasible  to 
lower  the  level  of  some  of  the  sewers,  and  it  is  the  opinion  of  the  board 
that  wherever  it  is  practicable  to  do  so  it  is  desirable  to  lay  the  sewers  at  a 
sufficiently  low  level  to  make  it  possible  to  connect  basement  fixtures  with 
them  if  necessary.  It  is  important  to  lay  the  underdrains  for  receiving 
ground  water  sufficiently  below  the  bottom  of  cellars  so  that  the  ground 
beneath  the  cellars  may  be  drained.  The  grades  of  some  of  the  sewers  are 
somewhat  flat,  and  in  cleaning  the  sewers  it  would  be  of  advantage  if  man- 
holes were  placed  at  more  frequent  intervals. 

It  is  very  important  that  all  storm  water  be  excluded  from  the  sewers, 
and  that  ground  water  be  excluded,  so  far  as  practicable,  by  care  in  the 
making  of  joints  and  by  the  construction  of  underdrains  as  proposed  be- 
neath the  sewers  to  discharge  ground  water  to  local  water  courses  wherever 
practicable. 

The  area  proposed  for  the  disposal  of  the  sewage  is  the  same  as  that  pro- 
posed in  your  former  application,  concerning  which  the  Board  advised  that 
it  appeared  to  be  the  most  suitable  one  which  it  is  practicable  to  use  for  the 
disposal  of  the  sewage  without  pumping,  and  that  its  location  was  satisfactory 
from  a  sanitary  point  of  view.  Examinations  of  the  soil  of  this  area  by 
means  of  test  pits  have  shown  that  the  soil  of  the  higher  portions  beneath  a 
surface  layer  of  loam  consists  largely  of  sand  suitable  for  the  purification 
of  sewage  by  filtration ;  but  the  elevation  of  most  of  these  portions  of  the 
land  is  such  that  sewage  from  the  proposed  system  cannot  be  discharged 
upon  them  without  pumping.  The  lower  portions  of  the  area  contain  sandy 
soil  in  some  places,  but  the  soil  of  large  portions  is  of  clay  or  other  very 
fine  material  not  suited  to  the  purification  of  sewage.  By  the  proposed 
plan  all  of  the  material  for  the  proposed  filter  beds  will  have  to  be  moved 
to  the  place  where  the  beds  are  to  be  located,  and  by  selecting  the  material 
best  suited  for  filtration  satisfactory  filter  beds  can  be  constructed  having 
an  area  of  one  and  one-half  acres,  as  proposed. 
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The  depth  of  filtering  'material  in  the  proposed  filters  is  less  than  is  de- 
sirable, but  the  quality  of  the  sand  of  which  the  filters  are  to  be  composed 
is  such  that  a  satisfactory  purification  of  the  sewage  will  be  effected  by  the 
proposed  filters,  if  care  is  taken  to  carry  out  the  plans  thoroughly  and  to 
provide  a  thickness  of  filtering  material  of  at  least  4  feet  over  the  under- 
drains  and  for  a  distance  of  at  least  5  feet  on  both  sides  of  each  under- 
drain.  The  trenches  in  which  the  underdrains  are  laid  for  about  a  foot 
from  the  pipe  should  be  filled  with  gravel,  and  the  use  of  sand  in  these  places 
should  be  avoided,  because  sand  will  run  into  the  joints  of  the  pipes  and 
impair  the  efficiency  of  the  beds. 

The  proposed  irrigation  area,  if  composed  of  coarse  material  like  the  fil- 
ter beds,  would  dispose  of  a  considerable  quantity  of  sewage  in  the  summer 
season ;  but,  if  constructed  of  the  material  most  available,  as  appears  to 
be  the  intention  from  the  information  submitted,  care  will  be  necessary  to 
avoid  discharging  a  greater  quantity  of  sewage  upon  this  area,  especially 
in  winter  and  in  wet  weather  (at  other  seasons  of  the  year),  than  the  ground 
is  capable  of  readily  absorbing,  since  the  sewage  would  otherwise  accumu- 
late in  the  lower  portions  of  the  area  and  create  a  nuisance. 

The  proposed  flush  tank  at  the  disposal  area  will  be  capable,  with  the 
addition  of  storage  in  the  lower  end  of  the  sewer,  of  discharging  nearly 
21,000  gallons  at  one  time  ;  and,  considering  the  area  of  the  proposed  filter 
beds,  satisfactory  results  could  probably  be  obtained  with  a  tank  two- 
thirds  the  size. 

The  plans  as  a  whole,  with  the  modifications  suggested,  will,  if  carried 
out,  in  the  opinion  of  the  Board  provide  satisfactorily  for  the  collection 
and  purification  of  all  of  the  sewage  of  the  thickly  settled  portions  of  the 
town  of  Stockbridge,  and  the  capacity  of  the  works  can  be  enlarged  in  the 
future,  if  necessary,  by  increasing  the  area  of  the  filter  beds. 

In  response  to  the  request  of  the  board  of  selectmen  of  the  town  of 
Stockbridge  for  the  approval  by  the  Board  of  the  purchase  or  taking  of  a 
certain  lot  of  land  in  the  town  of  Stockbridge,  known  as  the  Barnes  pasture 
lot,  for  sewage-disposal  purposes,  the  State  Board  of  Health  gave  notice 
that  a  public  hearing  upon  the  matter  would  be  given  at  its  office  May  4, 
1899,  as  required  by  chapter  50,  section  1,  of  the  Public  Statutes,  as 
amended  by  chapter  124  of  the  Acts  of  1890.  At  this  hearing  no  person 
appeared  to  oppose  the  purchase  or  taking  of  land  referred  to  for  sewage- 
disposal  purposes  ;  and  the  Board  hereby  approves  the  purchase  or  taking 
by  the  town  of  Stockbridge,  for  the  purification  and  disposal  of  the  sewage 
of  the  said  town,  of  land  on  the  northerly  side  of  the  Housatonic  River, 
between  the  river  and  the  road  from  Stockbridge  to  West  Stockbridge  and 
about  a  mile  west  of  the  village  of  Stockbridge,  as  shown  upon  a  plan  en- 
titled, "  Plan  of  land  sold  by  James  Barnes  to  the  town  of  Stockbridge, 
Mass.,  May  11, 1899.  Scale  1  inch=100  feet."  Said  land  being  bounded, 
measured  and  described  as  follows :  — 
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Beginning  at  a  stone  mominient  on  the  south  side  of  the  road  leading  from 
Stockbridge  to  West  Stockbridge,  being  the  northerly  corner  of  the  land  of  Mrs. 
B.  Blakeman ;  thence  along  the  southerly  side  of  the  road  to  West  Stockbridge  N. 
42°  32'  30"  W.,  1,996.4  feet  to  a  stone  monument  on  the  line  of  the  land  of  Chas.  L. 
Lynch ;  thence  with  the  line  of  said  Lynch  S.  13°  9'  00"  W.,  527  feet  to  a  stone 
monument  on  north  bank  of  the  old  channel  of  Curtis  Mill  Brook ;  thence  with  the 
line  of  the  land  of  Walter  H.  Lynch  S.  32°  29'  00"  E.  106.3  feet  to  a  stone  monu- 
ment on  the  south  bank  of  the  old  channel  of  Curtis  Mill  Brook ;  thence  with  the 
line  of  said  W.  H.  Lynch  S.  12°  10'  00"  E.,  738.3  feet  to  a  stone  monument  on  the 
north  bank  of  Curtis  Mill  Brook ;  thence  with  the  thread  of  said  brook  south-west- 
erly 225  feet  to  the  north  bank  of  the  Housatonic  River ;  thence  along  the  bank  of 
the  river  south-easterly  610  feet  to  the  land  of  Mrs.  Birdseye  Blakeman  ;  thence 
with  the  line  of  the  said  Mrs.  Blakeman  N.  70°  23'  00"  E.,  25  feet  to  a  stone  monu- 
ment in  the  said  line ;  thence  N.  70°  23'  00"  E.,  983.3  feet  to  the  point  of  begin- 
ning, containing  about  29  acres,  be  the  same  more  or  less. 

Wakefield.  Applications  were  received  from  the  sewerage  com- 
mittee of  Wakefield  for  advice  with  reference  to  the  sewage  disposal 
of  that  town,  and  from  the  selectmen  of  Wakefield  for  the  approval 
of  a  certain  tract  of  land  in  that  town  for  sewage-disposal  purposes, 
according  to  the  provisions  of  chapter  124  of  the  Acts  of  1890. 
Under  the  provisions  of  this  act  a  hearing  was  held  at  the  office  of 
the  Board,  July  6,  1899,  after  due  notice,  and  the  Board  sent  the 
following  communication  to  the  sewerage  committee  and  the  board 
of  selectmen  :  — 

Aug.  3,  1899. 

The  State  Board  of  Health  received  from  the  sewerage  committee  of  the 
town  of  Wakefield,  iii  June  last,  au  application  for  advice  with  reference 
to  the  disposal  of  the  sewage  of  the  town  of  Wakefield,  accompanied  by 
plans  showing  a  proposed  main  sewer  to  receive  the  sewage  from  the 
thickly  settled  portions  of  the  town  and  convey  it  to  a  proposed  filtration 
area  located  in  the  easterly  portion  of  the  town  between  Montrose  Avenue 
and  the  Saugus  River  north  of  Water  Street,  where  it  was  proposed  to 
purify  the  sewage  by  applying  it  to  filter  beds  of  gravel  and  sand  and  to 
discharge  the  effluent  into  the  Saugus  River.  Subsequently,  a  modified 
plan  of  the  sewage-disposal  area  was  presented,  providing  for  a  main  efflu- 
ent drain  to  be  laid  fi'om  the  proposed  filter  beds  along  the  westerly  side- 
of  the  Saugus  River  to  a  point  of  discharge  into  the  Wakefield  branch  of 
the  Saugus  River,  also  known  as  Crystal  Brook,  near  its  mouth. 

An  application  has  also  been  received  from  the  board  of  selectmen  of 
Wakefield,  requesting  the  approval  by  the  State  Board  of  Health  of  the 
purchase  or  taking  by  the  town  of  Wakefield  of  the  lands  in  the  easterly 
portion  of  the  town  upon  which  it  is  proposed  to  purify  the  sewage. 

By  the  plan  of  sewerage  submitted  by  the  sewerage  committee  the  town 
is  divided  into  two  districts,  one  to  be  known  as  the  high-level  district  and 
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the  other  as  the  low-level  district.  The  high-level  district,  according  to 
the  plan  submitted,  comprises  the  portion  of  the  town  above  contour  line 
105  Boston  base,  in  the  region  about  the  easterly  side  of  Lake  Quanna- 
powitt,  and  the  area  above  contours  100  to  110  in  the  region  lying  west  of 
a  line  from  Crystal  Lake  to  Lake  Quannapowitt.  There  is  also  a  district 
extending  east  from  Crystal  Lake  to  Farm  Street,  which  it  is  proposed  to 
connect  with  the  high-level  sewer.  The  sewers  of  the  high-level  district 
will  discharge  into  a  proposed  main  sewer  commencing  on  Railroad  Street 
near  Avon  Street,  thence  running  through  Railroad  Street,  Nahant  Street, 
land  of  the  town  of  Wakefield  and  private  property  to  Water  Street,  thence 
by  Water  Street,  Montrose  Avenue  and  private  property  to  the  proposed 
filter  beds. 

The  low-level  sewer  you  state  can  be  built  along  the  Newburyport  branch 
of  the  Boston  &  Maine  Railroad,  and  will  pass  near  the  rattan  factory; 
and  then,  by  following  the  valley  of  Wakefield  Brook  and  Water  Street, 
will  be  carried  to  the  filter  beds,  where  the  sewage  will  be  pumped  to  a 
sufficient  height  for  disposal ;  or  the  route  may  be  changed  in  the  vicinity 
of  the  rattan  factory,  and  the  sewer  built  across  the  valley  near  Melvin  and 
Valley  streets,  and  the  sewage  pumped  to  the  high-level  sewer  at  some  con- 
venient place ;  but  no  definite  location  for  a  pumping  station  for  the  low- 
level  district  is  indicated  in  the  plans  submitted. 

In  constructing  the  sewers  it  is  proposed  to  provide  for  a  large  increase 
in  population  in  the  town,  and  a  sub-di'ainage  system  is  to  be  provided 
beneath  the  main  sewers,  so  that  wet  districts,  when  practicable,  can  be 
drained  of  ground  water.  It  is  proposed  to  discharge  the  underdrains  into 
local  water  courses  where  convenient. 

At  the  filtration  area  it  is  proposed  to  construct  8  acres  of  filter  beds  in 
the  beginning  upon  land  lying  northerly  of  a  small  brook  which  crosses  the 
proposed  filtration  area  and  discharges  into  the  Saugus  River  about  1,500 
feet  above  the  mouth  of  the  Wakefield  branch.  When  a  larger  filtration 
area  is  needed,  other  beds  can  be  constructed  south  of  this  brook.  Filter 
beds  are  to  be  constructed  of  porous  material  suitable  for  the  purification 
of  sewage,  and  provided  with  suitable  underdrains.  It  is  proposed  to  dis- 
tribute the  sewage  to  the  different  beds  in  the  beginning  without  the  use  of 
a  flush  tank,  using  the  storage  capacity  of  the  main  sewer  for  the  purpose 
of  discharging  a  considerable  quantity  of  sewage  on  the  beds  at  one  time. 

The  Board  has  carefully  considered  the  application  and  plans  submitted, 
and  has  caused  the  territory  to  be  examined  by  its  engineer,  and  samples 
of  the  soil  collected  from  various  test  pits  on  the  area  to  be  analyzed. 

The  proposed  plan  of  sewerage,  by  dividing  the  town  into  high-level  and 
low-level  districts,  and  by  conveying  the  sewage  from  the  high-level  district 
to  the  filtration  area  by  gravity,  is  a  desirable  one  to  adopt  in  this  case ; 
and  it  is  probable  that  for  many  years  the  greater  portion  of  the  sewage  of 
the  town  will  be  discharged  into  the  high-level  sewers  and  conveyed  by 
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gravity  to  the  filtration  area.  It  appears  to  be  practicable  to  construct  a 
low-level  main  sewer,  so  as  to  provide  for  collecting  the  sewage  of  all  of 
the  low-level  districts  of  the  town  which  seem  likely  to  require  sewerage 
for  many  years  in  the  future  without  providing  for  pumping  the  sewage 
more  than  once,  excepting  possibly  for  a  very  small  district  near  Lake 
Quannapowitt. 

The  filter  beds  are  to  be  located  in  a  thinly  populated  portion  of  the 
town,  and  suitable  material  for  the  purification  of  the  sewage  is  present 
upon  the  proposed  filtration  area  in  sufficient  abundance  to  make  it  practi- 
cable to  provide  a  sufficient  area  of  filter  beds  to  purify  all  of  the  sewage 
of  the  town  satisfactorily  for  many  years  in  the  future. 

The  proposed  system  of  sewerage  and  sewage  disposal,  so  far  as  it  is 
outlined  by  the  plans  submitted,  is,  in  the  opinion  of  the  Board,  an  appro- 
priate one  for  the  collection  and  disposal  of  the  sewage  of  the  town  of 
Wakefield,  and  its  construction  will  make  it  practicable  to  prevent  the 
further  pollution  of  the  streams  in  the  town  and  greatly  improve  the  con- 
dition of  those  tributaries  of  the  Saugus  River,  especially  the  so-called 
Wakefield  branch.  It  is  highly  important,  however,  that  in  the  construc- 
tion of  the  filter  beds  adequate  provision  be  made  whereby  all  the  effluent 
can  be  diverted  from  the  Saugus  River  into  the  proposed  effluent  drain, 
and  discharged  into  Crystal  Brook  whenever  the  city  of  Lynn  again  con- 
cludes to  take  water  from  the  river  at  any  point  below  the  filter  beds. 

When  definite  plans  of  the  sewers  and  the  low-level  pumping  station 
have  been  prepared,  it  is  the  opinion  of  the  Board  that  they  should  be  sub- 
mitted for  further  consideration. 

In  response  to  the  request  of  the  board  of  selectmen  of  the  town  of 
Wakefield  for  the  approval  by  the  Board  of  the  purchase  or  taking  of  cer- 
tain lands  in  the  town  of  Wakefield  for  sewage-disposal  purposes,  the  State 
Board  of  Health  gave  notice  of  a  public  hearing  in  the  matter  to  be  held  at 
its  office  on  July  6,  1899,  as  required  by  chapter  124  of  the  Acts  of  1890. 
After  this  hearing  the  State  Board  of  Health  voted  to  approve  the  purchase 
or  taking  by  the  town  of  Wakefield,  for  the  purification  and  disposal  of  the 
sewage  of  the  said  town,  of  land  in  the  easterly  part  of  Wakefield,  located 
between  Montrose  Avenue  and  the  Saugus  River,  north  of  Water  Street, 
as  shown  on  a  plan  entitled  "Wakefield,  sewerage.  Plan  showing  land 
included  in  application  to  State  Board  of  Health,  dated  May  25,  1899. 
Scale,  50  feet  per  inch.  May  18,  1899.  Louis  E.  Hawes,  civil  and  hy- 
draulic engineer,  Boston,  Mass.,"  said  land  being  bounded,  measured  and 
described  as  follows  :  — 

Parcel  1.  —  Land  belonging  to  E.  Maria  Eaton  of  Wakefield,  Mass.,  and  Sarah 
A.  Leatherbee  of  Jamaica  Plain,  Boston,  Mass.,  described,  measured  and  bounded 
as  follows :  — 

A  lot  of  wood  land  situated  on  the  easterly  side  of  Montrose  Avenue,  so  called, 
formerly  Wiley  Street,  in  the  town  of  Wakefield,  Mass.,  comprising  8.97  acres, 
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more  or  less,  tlie  same  being  a  portion  of  Lot  No.  3,  on  a  plan  of  David  Wiley's 
farm  drawn  October,  1848,  hj  H.  L.  Eaton,  recorded  Middlesex  South  District 
Registry  of  Deeds,  plan  book  3,  page  59,  and  described  in  a  partition  of  the  estate 
of  David  Wiley,  recorded  Middlesex  in  said  Registry  of  Deeds,  1874,  Book  No.  26, 
page  577  ;  said  portion  being  bounded  and  measured  as  follows  :  — 

Beginning  at  a  stake  in  an  angle  of  the  easterly  side  of  said  Montrose  Avenue, 
at  the  north-west  comer  of  land  belonging  to  Salva  S.  Butterfield  and  devisees 
under  the  will  of  George  W.  Butterfield,  deceased  ;  thence  by  land  of  said  Salva  S. 
Butterfield  et  al.,  60°  33'  south-easterly  771  feet,  more  or  less,  on  a  wall  to  a 
corner ;  thence  continuing  by  land  of  said  Salva  S.  Butterfield  et  al.,  44°  47'  north- 
easterly 278.5  feet,  more  or  less,  on  a  wall  to  a  corner  stake  ;  thence  by  other  land 
of  E.  Maria  Eaton  and  Sarah  A.  Leatherbee,  22^  48'  north-easterly  261.78  feet 
more  or  less  to  a  stake  ;  thence  continuing  by  said  other  land  of  E.  Maria  Eaton 
and  Sarah  A.  Leatherbee,  72°  00'  north-westerly  981.36  feet  more  or  less,  to  a 
stake  at  Montrose  Avenue  ;  thence  by  the  easterly  side  of  Montrose  Avenue,  0°  47' 
south-westerly  160.55  feet,  more  or  less,  to  a  stake  at  an  angle  ;  thence  continuing 
by  Montrose  Avenue,  9°  17'  south-westerly  202  feet  more  or  less  to  a  stake  at  the 
point  of  beginning ;  and  as  shown  on  a  plan  by  Louis  E.  Hawes,  civil  and 
hydraulic  engineer,  entitled,  "  Wakefield  sewerage,  plan  showing  land  included 
in  application  to  State  Board  of  Health,  dated  May  25, 1899." 

Parcel  2.  —  Land  belonging  to  Mrs.  Salva  S.  Butterfield  of  Saugus,  Mass.  (ad- 
dress Wakefield,  Mass.),  and  devisees  under  the  will  of  George  W.  Butterfield  of 
Saugus,  Mass.,  deceased;  said  devisees  being  Dr.  George  W.  Butterfield  of  Wake- 
field, Mass. ;  Laura  Marion  Knight  (born  Butterfield)  of  Salem,  Mass. ;  Roscoe  S. 
Butterfield  of  Saugus,  Mass.  (address  Wakefield,  Mass.)  ;  and  Anna  M.  Pike 
(born  Butterfield)  of  Everett,  Mass. ;  described,  measured  and  boimded  as 
follows :  — 

A  lot  of  grass  land  and  swamp  with  the  buildings  thereon,  if  any,  situated  on 
the  easterly  side  of  Montrose  Avenue,  so  called,  formerly  Wiley  Street,  in  the 
town  of  Wakefield,  Mass.,  comprising  12 . 6  acres,  more  or  less,  the  same  being  the 
portion  which  lies  within  the  town  of  Wakefield  of  Lot  No.  2  on  a  plan  of  David 
Wiley's  farm,  drawn  October,  1848,  by  H.  L.  Eaton,  recorded  Middlesex  South 
District  Registry  of  Deeds,  plan  book  No.  3,  page  59,  and  described  in  a  deed  from 
G.  L.  Hawkes  to  Geo.  W.  Butterfield,  recorded  Middlesex  South  District  Registry 
of  Deeds,  1879,  book  1512,  page  256;  said  portion  being  bounded  and  measured 
as  follows :  — 

Beginning  at  the  north-west  corner  of  the  lot  on  said  Montrose  Avenue,  at  a 
stake  in  an  angle  of  the  easterly  side  of  said  avenue  and  at  the  south-westerly 
corner  of  land  of  E.  Maria  Eaton  and  Sarah  A.  Leatherbee,  described  in  parcel  1  of 
this  schedule ;  thence  by  said  Montrose  Avenue,  south-westerly  in  three  courses, 
16°  17',  27°  52'  and  35°  22'  on  a  wall  measuring  respectively  54.5  feet  more  or 
less,  100  feet  more  or  less  and  176  feet  more  or  less  to  land  of  Salva  S.  Butterfield ; 
thence  by  land  of  said  Salva  S.  Butterfield,  56°  30'  south-easterly  on  a  line  passing 
through  a  bam  and  on  a  wall  149 .5  feet  more  or  less,  to  a  stake  ;  thence  continuing 
by  land  of  said  Salva  S.  Butterfield  31°  34'  south-easterly  on  a  wall,  389.62  feet 
more  or  less,  to  land  of  Elizabeth  H.  Sanborn  formerly  of  David  Wiley  and  called 
lot  1  on  said  plan  of  David  Wiley's  farm ;  thence  by  said  land  78°  51'  north-easterly 
on  a  wall  209 .  35  feet  more  or  less  to  a  corner  in  the  wall ;  thence  continuing  by 
said  land  37°  9'  south-easterly  13.75  feet  more  or  less  on  the  wall  to  an  angle; 
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thence  continuing  by  said  land  easterly  in  two  courses  S.  75°  21'  E.  and  S.  70"^  16' 
E.,  measuring  respectively  92.8  feet  more  or  less  and  237  feet  more  or  less  on  a 
fence  and  ditch  to  the  thread  of  the  Saugus  River,  said  thread  of  the  river  being 
the  boundary  line  between  the  town  of  Wakefield  and  the  town  of  Saugus  ;  thence 
by  the  thread  of  the  Saugus  River,  up  the  stream,  on  the  said  boundary  line  and 
by  other  land  of  said  Salva  S.  Butterfield  and  devisees  aforesaid,  in  the  town  of 
Saugus,  940  feet  more  or  less  to  land  of  E.  Maria  Eaton  and  Sarah  A.  Leatherbee 
aforesaid ;  thence  by  land  of  said  E.  Maria  Eaton  and  Sarah  A.  Leatherliee  north- 
westerly in  three  courses,  20^^  40',  35"  16'  and  67°  27',  measuring  respectively  57 
feet  more  or  less,  53.5  feet  more  or  less  and  376.73  feet  more  or  less  on  a  wall  to 
a  stake  at  a  corner ;  thence  continuing  by  land  of  said  E.  Maria  Eaton  and  Sarah 
A.  Leatherbee  44°  47'  south-westerly  on  a  wall  278.5  feet  more  or  less  to  a  corner ; 
thence  continuing  by  land  of  said  E.  Maria  Eaton  and  Sarah  A.  Leatherbee  60° 
S3'  north-westerly  on  a  wall  771  feet  more  or  less  to  said  Montrose  Avenue  and 
said  stake  at  the  point  of  beginning  ;  and  as  shown  on  a  plan  by  Louis  E.  Hawes, 
civil  and  hydraulic  engineer,  entitled  "  Wakefield  sewerage,  plan  showing  land 
included  in  application  to  State  Board  of  Health,  dated  May  25,  1899." 

Parcel  3.  —  Land  belonging  to  Salva  S.  Butterfield  of  Saugus,  Mass.  (address 
Wakefield,  Mass.),  described,  measured  and  bounded  as  follows  :  — 

A  lot  of  grass  land  and  swamp,  with  buildings  thereon,  if  any,  situated  on  the 
easterly  side  of  Montrose  Avenue,  so  called,  formerly  Wiley  Street,  in  the  town  of 
Wakefield,  Mass.,  comprising  4.24  acres,  more  or  less,  the  same  being  the  north- 
erly portion  of  lot  Ko.  10  on  a  plan  of  David  Wiley's  farm,  drawn  October,  1848, 
by  H.  L.  Eaton,  recorded  Middlesex  South  District  Registry  of  Deeds,  plan  book  3, 
page  59,  said  portion  being  described  in  a  deed  from  John  Howlett  to  Salva  But- 
terfield, recorded  Middlesex  South  District  Registry  of  Deeds,  1869,  book  1096, 
page  8  ;  and  is  bounded  and  measured  as  follows  :  — 

Beginning  at  the  most  northerly  corner  of  the  lot  on  said  Montrose  Avenue  at 
the  south-westerly  corner  of  land  of  Salva  S.  Butterfield  and  devisees  under  the 
will  of  George  W.  Butterfield,  deceased,  described  in  parcel  2  of  this  schedule ; 
thence  by  said  Montrose  Avenue,  40°  14'  south-westerly  on  a  fence  402 . 5  feet  more 
or  less,  to  a  stake  at  land  of  Elizabeth  H.  Sanborn,  formerly  David  Wiley's  and  a 
part  of  said  lot  No.  10  on  said  plan  of  David  Wiley's  farm ;  thence  by  said  land 
26°  54'  south-easterly  on  a  fence  308.35  feet  more  or  less,  to  a  stake  and  corner; 
thence  continuing  by  land  of  said  Elizabeth  H.  Sanborn,  formerly  of  David  AViley 
and  called  lot  No.  1  on  said  plan  of  David  Wiley's  farm,  north-easterly  on  a  wall 
in  two  courses,  66°  16-  and  77°  51',  measuring  347.04  feet  more  or  less,  and 
133.45  feet  more  or  less,  to  land  of  Salva  S.  Butterfield  and  said  devisees  ;  thence 
by  land  of  said  Salva  S.  Butterfield  and  said  devisees,  north-westerly  on  a  wall 
and  through  a  barn  in  two  courses,  31°  34'  and  56°  30',  measuring  respectively 
389.62  feet  more  or  less  and  149.5  feet  more  or  less,  to  said  Montrose  Avenue  and 
the  point  of  beginning ;  and  as  shown  on  a  plan  by  Louis  E.  Hawes,  civil  and 
hydraulic  engineer,  entitled  "  Wakefield  Sewerage,  plan  showing  land  included 
in  application  to  State  Board  of  Health,  dated  May  25,  1899." 

Parcel  4. — Land  belonging  to  Elizabeth  H.  Sanborn  of  Wakefield,  Mass., 
formerly  a  part  of  David  Wiley's  farm,  described,  measured  and  bounded  as 
follows :  — 

A  lot  of  cultivated  land  and  swamp,  situated  easterly  from  Montrose  Avenue,  so 
called,  formerly  Wiley  Street,  and  northerly  from  Water  Street  in  the  town  of 
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Wakefield,  Mass.,  comprising  5.54  acres,  more  or  less,  the  same  being  a  portion 
of  lot  No.  1  on  a  plan  of  David  Wiley's  farm,  drawn  October,  1848,  by  H.  L.  Eaton, 
recorded  Middlesex  South  District  Registry  of  Deeds,  plan  book  No.  3,  page  59  ; 
said  portion  being  bounded  and  measured  as  follows  :  — 

Beginning  at  the  most  southerly  corner  of  the  lot  at  land  now  or  formerly  of 
Enos  Wiley,  on  the  east,  and  land  of  heirs  of  Charlotte  P.  Roberts  formerly  of 
Warren  Wiley,  on  the  west ;  thence  by  land  now  or  formerly  of  said  Enos  Wiley 
easterly  by  two  courses  N.  85°  6'  E.  and  S.  76°  44'  E.,  on  a  wall  and  fence  meas- 
uring respectively  694. 1  feet  more  or  less  and  177  feet  more  or  less,  to  the  thread 
of  the  Saugus  River  and  the  boundary  line  between  Wakefield  and  Saugus  to  other 
land  of  said  Elizabeth  M.  Sanborn,  formerly  of  David  Wiley,  in  the  town  of  Saugus  ; 
thence  by  said  land  northerly  up  stream  on  said  boundary  line  and  thread  of  the 
river  256  feet  more  or  less,  to  land  of  Salva  S.  Butterfield  and  devisees  under  the 
will  of  George  W.  Butterfield,  deceased  (called  parcel  2  of  this  schedule)  ;  thence 
by  land  of  said  Salva  S.  Butterfield  et  al.,  westerly  in  two  courses,  N.  70°  16'  W. 
and  N.  75°  21'  W.,  on  a  ditch  and  fence,  measuring  respectively  237  feet  more  or 
less  and  92 . 8  feet  more  or  less  ;  thence  continuing  by  land  of  said  Salva  S.  Butter- 
field et  al.,  37°  9'  north-westerly  on  a  wall  13.75  feet  more  or  less  to  a  corner; 
thence  continuing  by  land  of  said  Butterfield  et  al.,  78°  51'  south-westerly  on  a 
wall  209 .  35  feet  more  or  less  to  land  of  Salva  S.  Butterfield ;  thence  by  land  of 
Salva  S.  Butterfield  (called  parcel  3  of  this  schedule)  south-westerly  in  two 
courses,  77°  51'  and  66°  16',  on  a  wall  measuring  respectively  133.45  feet  more  or 
less  and  347.04  feet  more  or  less  to  land  of  Elizabeth  H.  Sanborn,  formerly  of 
David  Wiley ;  thence  by  said  land  southerly  5°  51'  W.  29.8  feet  more  or  less  to 
land  of  Charlotte  P.  Roberts'  heirs ;  thence  by  land  of  Charlotte  P.  Roberts'  heirs, 
formerly  of  Warren  Wiley,  18°  34'  south-easterly  on  a  wall  and  fence  138 .  27  feet 
more  or  less  to  the  point  of  beginning;  and  as  shown  on  a  plan  by  Louis  E. 
Hawes,  civil  and  hydraulic  engineer,  entitled  "  Wakefield  sewerage,  plan  showing 
land  included  in  application  to  State  Board  of  Health,  dated  May  25,  1899." 

Webster.  An  application  was  received  from  the  sewer  commis- 
sioners of  Webster,  June  20,  1899,  requesting  the  approval  by  the 
State  Board  of  Health,  under  the  provisions  of  chapter  345  of  the 
Acts  of  1898,  of  a  tract  of  land  in  that  town  for  the  purpose  of 
sewage  disposal.  A  hearing  was  held  at  the  office  of  the  Board, 
after  due  notice,  on  Aug.  3,  1899,  after  which  the  Board  sent  the 
following  communication  to  the  sewer  commissioners  :  — 

Sept.  7,  1899. 

The  State  Board  of  Health  received  from  you,  on  June  20,  1899,  an 
application  requesting  the  approval  by  the  Board,  under  the  provisions  of 
chapter  345  of  the  Acts  of  1898,  of  a  proposed  system  of  sewerage  and 
sewage  disposal  for  the  town  of  Webster,  accompanied  by  plans  of  the 
proposed  system  of  sewerage,  of  the  lands  which  it  is  proposed  to  use  for 
the  purification  and  disposal  of  the  sewage,  and  of  the  filter  beds  which  it 
is  proposed  to  construct  in  the  beginning  upon  a  portion  of  these  lands, 
prepared  by  Lucian  A.  Taylor,  C.E.,  of  Boston.     Subsequently,  a  further 
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communication  was  received,  containing  the  following  outline  of  the  pro- 
posed system :  — 

The  sewerage  system  designed  for  the  town  of  Webster  is  to  be  essentially  a 
separate  system.  At  the  present  time  one  or  two  of  the  old  sewers  receive  sur- 
face water.  It  is  proposed  to  separate  this  surface  drainage,  turning  it  into  the 
natural  water  courses  and  the  French  River.  As  designed,  the  system  will  pro- 
vide for  the  entire  settled  section  of  the  town.  In  the  event  of  any  further  exten- 
sion being  needed  in  the  northern  or  eastern  part,  it  can  be  connected  with  the 
outfall  sewer,  advantage  being  taken  of  the  fall  in  the  French  River. 

It  is  not  designed  to  discharge  any  sewage  into  any  water  course  or  river  except 
after  passing  through  the  filter  beds.  It  is  planned  to  have  an  overflow  at  the  out- 
let of  the  outfall  sewer  that  might  be  used  in  case  of  emergency  or  serious  acci- 
dent to  the  machinery  at  the  pumping  station  or  any  of  the  connecting  works. 

It  is  not  proposed  to  lay  underdrains  to  remove  ground  water  as  a  part  of  the 
general  system.  With  the  exception  of  the  outfall  sewer,  the  sewers  are  almost 
wholly  above  ground-water  level.  The  outfall  sewer  itself  will  be  composed 
quite  largely  of  cast-iron  pipe. 

The  ordinary  stage  of  the  river  is  at  elevation  406  where  the  Southbridge  branch 
of  the  New  England  Railroad  crosses  it  below  Chase's  woollen  mills,  so  called. 

The  outlet  of  the  outfall  sewer  at  the  collecting  well  will  begin  at  an  elevation 
of  406.50,  and  will  follow  along  the  easterly  bank  of  or  in  the  French  River  to 
Peter  Street.  This  line  will  pass  through  Chase's  millpond  and  under  the  Nor- 
wich &  Worcester  Railroad  tracks  north  of  the  depot  in  the  bed  of  the  river,  cast- 
iron  pipes  being  used  in  these  sections  of  the  work  ;  the  size  will  be  18  inches  in 
diameter,  the  grade  not  less  than  O.lo  of  a  foot  per  100  feet,  and  the  distance  about 
6,900  feet.  At  Hill  Street  the  depth  is  about  15  feet;  Chase  Avenue,  13.3  feet; 
Main  Street,  19.3  feet ;  Pleasant  Street,  15.3,  and  Peter  Street,  17  feet. 

From  Peter  Street  northerly  it  is  proposed  to  run  the  sewer  in  the  bed  of  the 
river  to  a  point  opposite  Church  Avenue.  This  will  provide  for  the  wastes  from 
the  Slater  woollen  mills.  The  sewer  from  the  North  village  will  connect  with  the 
main  sewer  on  the  easterly  side  of  the  river  at  Church  Street,  as  shown  on  the 
plan. 

The  collecting  well  into  which  the  sewage  will  be  discharged  is  to  be  100  feet 
in  diameter,  covered,  and  of  a  sufficient  average  depth  to  hold  at  least  650,000 
gallons  below  the  centre  line  of  the  sewer.  It  is  proposed  to  pump  to  the  filter 
beds  during  the  day  time,  when  the  wastes  from  the  woollen  mills  are  discharged. 
These  wastes  will  probably  constitute  a  very  large  percentage  of  the  total  amount 
of  sewage  to  be  dealt  with.  The  filter  beds  will  have  not  less  than  5  feet  of  filter- 
ing material  and  where  underdrains  are  laid  they  shall  be  from  5  to  6  feet  below 
the  surface. 

The  distribution  from  the  force  main  is  to  be  from  8-inch  iron  pipes,  connected 
with  the  same,  and  from  trenches  between  the  filter  beds,  during  the  summer 
months  it  being  made  from  the  trenches  between  the  beds,  and  in  the  winter  sea- 
son wholly  from  the  distribution  pipes. 

The  plan  in  general  provides  for  a  system  of  sewerage  to  receive  the 
sewage  of  the  thickly  settled  portion  of  the  town  and  manufacturing  sew- 
age from  certain  large  factories,  and  to  convey  it  in  a  main  sewer  to  be 
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laid  iu  the  vicinity  of  the  French  River  to  a  reservoir  to  be  built  on  the 
(easterly  side  of  the  river  between  the  Norwich  &  Worcester  division  of  the 
New  York,  New  Haven  &  Hartford  Railroad  and  the  Southbridge  branch 
of  that  railroad,  about  1,500  feet  south  of  Hill  Street,  from  which  it  is 
proposed  to  pump  the  sewage  to  filter  beds  to  be  located  on  both  sides  of 
the  Southbridge  branch  of  the  Norwich  &  Worcester  division  of  the  New 
York,  New  Haven  &  Hartford  Railroad,  and  to  discharge  the  effluent  into 
the  French  River. 

The  Board  has  caused  the  locality  to  be  examined  by  one  of  its  engineers 
iand  samples  of  the  sewage  resulting  from  manufacturing  processes  carried 
on  in  the  mills  of  the  town  to  be  analyzed,  and  has  carefully  considered 
the  plans  and  other  information  that  has  been  submitted. 

It  appears  that  the  principal  portion  of  the  manufacturing  sewage  which 
now  pollutes  the  river  comes  from  woollen  mills,  and  results  from  the  scour- 
ing of  wool  and  the  washing  and  dyeing  of  cloth.  An  examination  of  a 
sample  of  scouring  liquid  shows  that  it  contains  an  excessive  amount  of 
grease  and  solid  matters,  and  it  will  be  necessary  to  remove  the  grease  and 
much  of  the  solid  matter  before  the  sewage  is  admitted  to  the  town  sewers, 
or  great  difficult}'  will  otherwise  be  experienced  in  keeping  the  sewers  free 
from  deposits  and  in  the  operation  of  filter  beds.  In  the  process  of  wash- 
ing cloth  a  large  quantity  of  water  is  used,  part  of  which  appears  to  be 
seriously  polluted.  It  is  not  desirable  to  take  all  of  the  water  used  in 
washing  the  cloth  into  the  sewers,  but  it  may  be  found  desirable  to  sepa- 
rate the  water  first  used  in  washing  the  cloth  from  that  used  for  rinsing, 
so  that  the  seriously  polluted  portion  of  the  water  used  in  the  process  can 
be  taken  into  the  sewers  and  the  cleaner  water  allowed  to  flow  into  the 
river.  The  liquid  waste  from  the  process  of  dyeing  contains  a  much  smaller 
quantity  of  organic  matter  than  that  resulting  either  from  scouring  wool  or 
washing  cloth ;  but  the  waste  dye  liquor  greatly  discolors  the  water  of  the 
rStream,  and,  considering  its  character,  it  should  be  kept  out  of  the  river 
so  far  as  is  practicable. 

No  profiles  of  the  sewers,  with  the  exception  of  a  statement  as  to  the 
slope  of  the  main  sewer,  have  been  submitted  to  the  Board,  so  that  the 
Board  is  unable  to  advise  as  to  these  portions  of  your  proposed  plans  ;  but 
-from  a  general  examination  of  the  information  submitted  and  of  the  slope 
of  the  land  in  the  town  it  appears  to  be  pi'acticable  to  construct  sewers 
with  satisfactory  grades  to  convey  the  sewage  of  the  various  portions  of 
the  town  to  the  main  sewer. 

The  plans  provide  for  constructing  the  main  sewer  of  iron  pipe  in  the 
region  where  it  runs  close  to  the  river,  or  in  the  river  bottom.  The  size 
and  slope  of  the  main  sewer  between  Peter  Street  and  the  collecting  reser- 
voir, as  indicated  by  you,,  are  sufficient  for  the  removal  of  the  domestic 
sewage  which  is  likely  to  be  discharged  into  this  sewer  for  several  years 
in  the  future,  and  also  for  the  removal  of  such  manufacturing  sewage  as  it 
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seems  desirable  to  keep  out  of  the  river,  if  surface  water  and  ground  water, 
so  far  as  is  practicable,  are  kept  out  of  the  sewers. 

It  appears  that  no  underdrains  are  to  be  provided  beneath  the  sewers, 
and  under  the  circumstances  much  care  will  have  to  be  exercised  in  places 
where  the  sewers  are  laid  below  the  level  of  the  ground  water  to  prevent 
serious  leakage  into  them. 

Details  of  the  proposed  collecting  reservoir  have  not  been  submitted,  and 
the  Board  is  unable  to  advise  you  concerning  it.  In  order  to  avoid  diffi- 
culty in  the  operation  of  the  pumps  it  will  be  very  desirable  to  provide  for 
screening  the  sewage  at  the  collecting  reservoir  to  remove  large  substances 
which  may  find  their  way  into  this  reservoir.  In  your  proposed  plans  it  is 
stated  that  an  overflow  is  to  be  provided  in  the  vicinity  of  the  pumping 
station  through  which  crude  sewage  may  be  discharged  into  the  French 
Eiver.  While  it  may  be  desirable  to  provide  a  waste  gate  which  can  be 
opened  in  an  emergency,  such  a  gate  should  not  be  automatic,  and  should 
be  used  only  in  case  of  accident  to  the  pumps,  pumping  station  or  force 
main. 

From  the  pumping  station  a  short  force  main  will  convey  the  sewage  to 
the  proposed  filter  beds.  Examinations  of  the  soil  at  the  place  where  it 
is  proposed  to  construct  the  filter  beds  show  that  beneath  a  layer  of  loam 
at  the  surface  the  soil  is  of  excellent  quality  for  the  purification  of  sewage 
by  intermittent  filtration,  and  the  filter  beds  indicated  upon  the  plan  are 
likely  to  be  of  sufficient  area  to  provide  for  all  the  sewage  that  may  be 
expected  to  be  conveyed  to  the  disposal  area  in  the  beginning.  The  areas 
on  the  easterly  side  of  the  railroad  included  in  the  land  which  you  propose 
to  secure  for  sewage-disposal  purposes  contain  soil  that  is  equally  well 
adapted  to  the  purpose,  so  that  it  will  be  practicable  to  enlarge  the  area  of 
filters  without  special  difficulty  whenever  it  becomes  necessary,  by  con- 
structing filters  on  the  easterly  side  of  the  railroad. 

The  method  of  applying  the  sewage  to  the  filter  beds  provides  for  dis- 
tributing the  sewage  upon  the  beds  in  the  winter  season  through  pipes 
discharging  at  the  corners  of  the  beds,  while  dui'ing  the  summer  season  it 
is  proposed  to  discharge  the  sewage  into  trenches  in  the  top  of  the  embank- 
ments between  the  beds,  and  allow  it  to  flow  over  the  edges  of  the  trenches 
upon  the  beds.  If  the  sewage  is  delivered  through  pipes  of  suitable  size 
leading  to  each  bed,  a  satisfactory  distribution  of  the  sewage  can  be  effected 
at  all  seasons  of  the  year ;  on  the  other  hand,  if  sewage  is  discharged  from 
trenches  in  the  embankments  as  proposed,  there  will  be  great  danger  that 
the  embankments  will  be  washed  away. 

The  Board  would  therefore  modify  this  portion  of  the  plan,  and  does 
hereby  modify  it  by  striking  out  the  portion  of  the  plan  which  provides  for 
trenches  in  the  embankments  between  the  beds,  so  that  the  sewage  will  be 
distributed  from  the  pipes  in  the  embankments  between  the  beds  through 
suitable  openings  at  all  seasons  of  the  year. 
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The  State  Board  of  Health,  having  given  notice  of  the  presentation  to  it 
for  its  approval  of  a  proposed  system  of  sewerage  and  sewage  disposal  for 
the  town  of  Webster,  gave  a  hearing  with  reference  to  the  proposed  sys- 
tem at  its  office  on  Aug.  3,  1899.  At  this  hearing  no  person  appeared  to 
oppose  the  plan  of  sewerage  and  sewage  disposal  proposed  by  the  town  of 
Webster;  and  the  State  Board  of  Health,  having  modified  and  amended 
the  proposed  plans,  as  stated  herein,  hereby  approves  the  proposed  system 
of  sewerage  and  sewage  disposal  outlined  above  as  so  modified  and  amended. 

Westborough.  An  application  was  received  from  the  sewer 
commissioners  of  Westborough,  May  3,  1899,  for  the  advice  of  the 
State  Board  of  Health  with  reference  to  proposed  plans  for  enlarg- 
ing the  filtration  area  for  the  purification  of  the  sewage  of  the  town 
and  for  eliminating  ground  water  from  the  main  sewer  leading  to  the 
filtration  area.     The  Board  replied  to  this  application  as  follows  :  — 

Mat  16,  1899. 

The  State  Board  of  Health  received  from  you,  on  May  3,  1899,  an  appli- 
cation for  advice  with  reference  to  proposed  plans  for  enlarging  and  improv- 
ing your  present  filtration  area  for  the  purification  of  the  sewage  of  the 
town  of  Westborough  and  for  eliminating  ground  water  from  the  main 
sewer  leading  from  the  town  to  the  filtration  area.  The  application  was 
accompanied  by  a  report  by  J.  J.  Van  Vallienburg,  civil  engineer,  and 
plans  showing  the  proposed  new  works  and  changes  in  your  present  works. 

According  to  the  plans  submitted,  it  is  proposed  to  construct  three  acres 
of  filter  beds  upon  land  in  the  vicinity  of  your  present  filter  beds  by  taking 
gravel  from  higher  lands  near  by  and  depositing  it  upon  the  lower  lands, 
and  to  reconstruct  the  present  filter  beds  located  at  the  southerly  side  of 
the  filtration  area  and  numbered  4  and  5  on  the  plan  submitted,  which  are 
not  capable  of  purifying  sewage  satisfactorily  in  their  present  condition. 
According  to  the  plan,  the  surface  of  the  bed  nearest  the  sewer  outlet  will 
be  at  an  elevation  about  5 J  feet  above  the  level  of  high  water  in  the  Assabet 
River,  as  it  was  found  in  the  early  spring  of  1899  ;  and  the  surface  of  the 
lowest  bed  will  be  at  an  elevation  about  4^  feet  above  high  water  in  the 
river.  A  main  underdrain  is  shown  through  each  bed,  generally  at  a  depth 
of  between  4  and  5  feet  beneath  the  surface  of  the  bed,  and  lateral  under- 
drains  are  shown  beneath  each  bed  and  about  25  feet  apart,  connecting 
with  this  main  underdrain  which  will  discharge  into  the  Assabet  River. 
Near  the  ends  of  some  of  the  laterals  the  depth  of  filtering  material  would 
not  be  much  more  than  3^  feet.  The  total  area  of  the  filter  beds  will  be 
about  5  acres,  and  it  is  proposed  in  constructing  the  beds  to  divide  beds 
Nos.  3,  4  and  5,  as  shown  upon  the  plan  submitted,  into  two  parts. 

The  second  portion  of  the  plan  submitted  provides  for  reconstructing 
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a  part  of  the  main  sewer  between  the  town  and  the  filter  beds,  using  iron 
pipe  with  lead  joints,  in  order  to  prevent  leakage  into  the  sewer. 

The  Board  has  caused  examinations  of  the  main  sewer  and  filter  beds,  so 
far  as  practicable,  to  be  made  by  its  engineers,  and  has  examined  the  plans 
and  other  information  submitted  with  reference  to  the  condition  of  the  main 
sewer  and  the  filter  beds.  The  quantity  of  mingled  sewage  and  ground 
water  which  flows  to  the  filtration  area  during  much  of  the  year  at  the 
present  time  is  so  great  that  at  times  it  would  be  diflftcult  to  purify  all  of 
it  upon  the  filters  now  proposed  ;  but  if  the  ground  water  which  enters  the 
main  sewer  is  excluded,  as  proposed,  the  filter  beds  will,  in  the  opinion 
of  the  Board,  be  of  suitable  size  to  provide  for  the  disposal  of  the  sewage 
at  all  times,  and  will  provide  for  a  considerable  increase  in  the  quantity  of 
sewage  flowing  from  the  town  in  the  future.  This  is  a  desirable  provision 
to  make,  since  the  quantity  of  sewage  is  likely  to  increase  largely  when  the 
system  becomes  more  generally  used  in  the  town. 

The  depth  of  flltering  material  in  portions  of  the  proposed  beds  is  less 
than  is  desirable  in  order  to  secure  satisfactory  purification  of  the  sewage, 
but  on  account  of  the  limited  elevation  of  the  sewer  as  it  reaches  the  filtra- 
tion area  above  the  level  of  the  river  it  does  not  appear  to  be  practicable 
to  construct  filter  beds  at  a  higher  elevation  than  is  proposed ;  but  it  is 
desirable  to  so  arrange  the  underdrains  as  to  insure  a  depth  of  at  least 
4  feet  of  filtering  material  above  them,  if  possible.  Filtering  material  of 
excellent  quality  can  be  obtained  near  the  proposed  location  of  the  filter 
beds,  and,  if  the  beds  are  properly  constructed,  under  the  supervision  of 
an  engineer  of  experience  in  such  matters,  and  are  properly  operated,  the 
Board  is  of  the  opinion  that  satisfactory  purification  of  the  sewage  will  be 
effected  by  the  proposed  beds. 

It  appears  from  information  submitted  by  you  and  from  investigations 
by  the  Board  that  the  flow  of  sewage  in  the  main  sewer  at  man-hole 
No.  19,  which  is  situated  on  the  main  sewer,  about  500  feet  westerly  of 
Summer  Street,  and  below  all  the  house  connections  in  the  town,  was  at 
the  rate  of  about  140,000  gallons  per  day  on  April  4  of  the  present  year, 
while  the  flow  from  the  sewer  as  it  reached  the  filtration  area  about  4,710 
feet  from  man-hole  No.  19  was  at  the  rate  of  a  little  over  700,000  gallons 
in  twenty-four  hours.  Measurements  at  intermediate  points  indicate  that 
between  man-hole  No,  19,  already  referred  to,  and  man-hole  No.  12,  which 
is  1,950  feet  nearer  the  filter  beds,  there  was  a  leakage  into  the  sewer  of 
489,000  gallons  per  day  at  the  time  the  measurements  were  made  ;  and 
between  man-hole  No.  12  and  man-hole  No.  7,  which  is  1,060  feet  nearer 
the  filtration  area  than  man-hole  No.  12,  there  is  a  leakage  into  the  sewer 
of  about  122,000  gallons  per  day.  From  man-hole  No.  7  to  the  filtration 
area  the  sewer  appears  to  be  laid  most  of  the  way  above  the  level  of  the 
ground  water.  It  further  appears,  from  information  furnished  by  you, 
that  the  sewer  becomes  nearly  clogged  at  times  with  a  fungus  growth, 
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which  takes  place  in  the  main  sewer  between  the  point  where  the  ground 
water  begins  to  leak  freely  into  the  sewer  and  the  filter  beds,  and  that  this 
growth  is  so  great  as  to  clog  the  sewer  and  require  removal  from  time  to 
time.  It  also  appears  that  even  when  the  sewer  is  clean  the  quantity  flow- 
ing is  so  great  that  its  capacity  is  liable  to  be  overtaxed  when  the  sewers 
shall  have  come  into  more  general  use  in  the  town.  For  these  reasons  it 
appears  to  be  essential  to  reconstruct  the  main  sewer  so  as  to  exclude  ground 
water  therefrom,  and  by  the  plan  proposed  the  greater  portion  of  the  leak- 
age can  be  excluded.  The  investigations  have  indicated,  however,  that 
there  is  considei-able  leakage  between  man-holes  Nos.  12  and  7,  a  portion 
of  the  sewer  which  it  is  not  proposed  to  reconstruct.  One  of  the  chief 
difficulties  produced  by  the  present  conditions  appears  to  be  the  fungus 
growth,  which  apparently  at  times  nearly  clogs  the  sewer  and  which  appears 
to  be  associated  with  the  presence  in  the  sewer  of  the  ground  water  mingled 
with  the  sewage.  Not  enough  is  known  as  to  the  conditions  which  are 
favorable  to  the  development  and  growth  of  this  organism  to  make  it  prac- 
ticable to  predict  whether  the  growth  would  continue  to  give  trouble  in  the 
portion  below  man-hole  No.  12  after  the  sewer  has  been  reconstructed. 
Under  the  circumstances,  the  Board  would  suggest  that  a  further  exami- 
nation of  this  section  of  the  sewer  be  made,  to  determine  whether  it  is  not 
practicable,  by  reconstructing  a  portion  of  the  sewer  in  this  length,  to 
exclude  all  or  the  greater  portion  of  the  ground  water  leaking  into  the 
sewer  in  this  vicinity. 

The  plans  as  a  whole,  with  the  modifications  suggested,  are,  in  the  opinion 
of  the  Board,  well  adapted  to  the  removal  and  purification  of  all  of  the  sew- 
age at  present  flowing  from  the  town  of  Westborough,  and  will  provide  for 
an  increase  in  the  quantity  of  sewage  which  is  to  be  anticipated  in  the  future. 

In  the  process  of  relaying  the  main  sewer  it  will  be  necessary  to  make 
suitable  provision  for  conveying  the  sewage  from  the  town  to  the  filtration 
area  without  allowing  any  portion  of  it  to  escape  into  any  of  the  streams, 
especially  those  which  are  tributary  to  the  Sudbury  River,  which  is  used 
as  a  source  of  water  supply  for  the  metropolitan  district.  The  Board 
would  advise  that  ample  provision  be  made  in  the  beginning  for  pre- 
venting danger  of  the  escape  of  any  sewage  into  any  of  these  waters. 

Westborough  (Lyman  and  Industrial  Schools) .  An  application 
was  received,  Sept.  11,  1899,  from  the  trustees  of  the  Lyman  and 
Industrial  Schools  at  Westborough,  requesting  the  advice  of  the 
State  Board  of  Health  with  reference  to  the  disposal  of  the  sewage 
of  that  institution.  The  Board  replied  to  this  application  as 
follows  :  — 

Oct.  5,  1899. 
In  response  to  your  request,  received  September  1 1 ,  for  advice  as  to  the 
disposal  of  the  sewage  of  the  Lyman  and  Industrial  Schools,  the  Board 
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has  caused  the  present  system  of  sewage  disposal  to  be  examined  by  one 
of  its  engineers.  In  this  examination  it  appears  that  the  sewage  of  the 
vai'ious  buildings  is  now  disposed  of  by  applying  it  to  several  different 
areas  of  land  through  pipes  laid  beneath  the  surface  of  the  ground.  It 
appears  that  these  pipes  become  clogged  with  sewage  and  have  to  be  relaid 
from  time  to  time,  at  considerable  trouble  and  expense.  Moreover,  several 
of  the  areas  in  which  the  pipes  are  laid  already  appear  to  be  surcharged 
with  sewage,  notwithstanding  the  dry  weather,  probably  on  account  of  the 
fineness  of  the  material,  which  is  not  adapted  to  the  purification  of  sewage. 

The  best  method  of  disposing  of  the  sewage  of  the  buildings  would  be  to 
collect  it  all  and  convey  it  to  some  place  where  suitable  filter  beds  can  be 
constructed  and  the  sewage  purified  by  intermittent  filtration,  and  it  appears 
to  be  practicable  to  collect  the  sewage  of  most  if  not  all  of  the  buildings, 
and  convey  it  to  a  single  filtration  area. 

Examinations  by  the  board  also  show  that  it  is  probably  practicable  to 
dispose  of  the  sewage  by  discharging  it  into  the  sewerage  system  of  the 
town  of  Westborough  ;  and  if  this  could  be  done,  it  would  probably  be  the 
most  satisfactory  method  of  disposing  of  the  sewage,  if  satisfactory  arrange- 
ments can  be  made  with  the  town.  The  board  would  advise  that  you  em- 
ploy an  engineer  of  experience  in  matters  relating  to  sewage  disposal  to 
make  an  investigation  as  to  the  feasibility  and  probable  cost  of  disposing 
of  the  sewage  by  collecting  it  and  convejnng  it  to  some  convenient  point 
where  it  may  be  purified  by  filtration,  and  of  the  cost  of  conveying  it  into 
the  sewerage  system  of  the  town  of  Westborough.  When  these  investiga- 
tions have  been  made,  the  Board  will,  upon  request,  give  you  further  advice 
in  the  matter. 

Pollution  of  Ponds,  Streams  and  Other  Bodies  of  Water. 

The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year  in  reply  to  applications  for  advice  relative  to  the  pol- 
lution of  ponds,  streams  and  other  bodies  of  water  :  — 

Dracut.  a  letter  was  received,  Nov.  4,  1899,  from  the  board 
of  health  of  Dracut,  stating  that  more  than  twenty  cases  of  typhoid 
fever  had  been  reported  in  the  village  of  Collinsville  within  the  pre- 
vious "  week  or  two."  The  letter  also  stated  that  the  water  supply 
furnished  to  this  community  by  the  American  Woolen  Company 
appeared  to  be  polluted,  and  a  request  was  made  that  the  State 
Board  would  aid  the  local  board  in  investigating  the  cause  of  the 
epidemic. 

An  investigation  was  therefore  made  by  the  State  Board  of  Health 
of  the  conditions  existing  at  Collinsville,  and  the  following  letter 
was  addressed  to  the  board  of  health  of  Dracut :  — 
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Nov.  11,  1899. 

Investigations  conducted  by  this  Board,  in  compliance  with  a  request 
stated  in  your  letter  of  November  3  with  reference  to  a  serious  epidemic  of 
typhoid  fever  at  Collinsville,  show  that  the  probable  cause  of  the  epidemic 
is  the  polluted  condition  of  the  water  supply  of  the  American  Woolen 
Company  in  that  village.  Measures  should  therefore  be  taken  at  once  by 
your  board  to  prevent  the  further  use  of  this  water  for  drinking  purposes. 

The  Board  will  cheerfully  give  any  advice  to  your  board  or  to  the  mill 
authorities  with  reference  to  a  better  source  of  supply,  should  you  desire  it. 

An  application  was  received  from  the  treasurer  of  the  American 
Woolen  Company,  November  13,  requesting  the  advice  of  the  State 
Board  of  Health  in  relation  to  a  temporary  supply  of  water  for  the 
village  of  Collinsville.  The  Board  replied  to  this  application  as 
follows  :  — 

Nov.  18,  1899. 

In  response  to  your  communication  of  Nov.  13,  1899,  as  to  a  temporary 
arrangement  for  supplying  water  to  Collinsville,  the  Board  has  caused  the 
locality  to  be  examined  by  one  of  its  engineers,  but  does  not  find  any 
source  from  which  it  will  be  practicable  to  obtain  at  once  a  suitable  tempo- 
rary supply  of  water  to  replace  the  source  now  used,  which  has  evidently 
been  the  cause  of  so  much  sickness  recently  in  the  village. 

It  appears  that  your  works  at  Collinsville  are  now  being  enlarged  and 
provision  made  for  a  larger  number  of  operatives  and  of  tenement  houses, 
so  that  it  seems  likely  that  a  considerably  larger  quantity  of  water  will  be 
required  in  the  near  future  than  at  present.  Among  the  sources  from 
which  it  may  be  possible  to  obtain  a  supply  of  good  water  is  Long  Pond, 
and  there  may  be  other  sources  in  the  neighborhood  of  the  village  from 
which  a  suitable  water  supply  can  be  obtained. 

Under  the  circumstances,  the  Board  would  advise  that  you  employ,  with- 
out delay,  an  engineer  of  experience  in  matters  relating  to  water  supply  to 
make  such  investigations  as  may  be  necessary  to  secure  a  suitable  supply 
of  water  for  the  village. 

The  Board  will  assist  you  in  the  investigations  by  making  such  analyses 
of  water  as  may  be  necessary,  and  will  give  you  further  advice  in  the  matter 
when  the  results  of  investigations  are  presented. 

New  Bedford.  A  communication  was  received,  July  17,  1899, 
from  the  board  of  health  of  New  Bedford,  accompanied  with  samples 
of  salt  water  taken  fi'om  the  harbor  at  low  tide  and  high  tide,  and 
the  opinion  of  the  Board  was  requested  with  reference  to  the  pro- 
priety of  locating  a  public  bathing  place  where  these  waters  were 
taken.     The  Board  replied  to  this  communication  as  follows  :  — 
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Nov.  3,  1899. 

In  response  to  your  request  for  advice  as  to  the  condition  of  the  sea 
water  at  the  proposed  location  of  a  public  bath-house  at  the  southerly  end 
of  the  city  of  New  Bedford,  the  Board  has  caused  the  location  to  be  exam- 
ined and  has  analyzed  samples  of  the  water  sent  in  by  you  and  other 
samples  of  sea  water  collected  in  this  region. 

Comparing  the  results  of  the  analyses  of  samples  collected  at  the  pro- 
posed location  of  the  bath-house  with  those  collected  near  other  shores  in 
this  region  where  the  water  is  not  likely  to  be  polluted  by  sewage,  it  is  seen 
that  the  quantity  of  free  ammonia  is  slightly  greater  at  the  location  of  the 
bath-house  than  elsewhere,  but  otherwise  the  difference  in  the  character  of 
the  samples  is  not  marked.  While  the  water  of  New  Bedford  harbor, 
especially  immediately  in  front  of  the  city,  is  evidently  grossly  polluted  by 
sewage,  the  analyses  do  not  show  that  at  the  time  the  samples  were  col- 
lected the  sewage  of  New  Bedford  had  a  materially  unfavorable  influence 
upon  the  character  of  the  water  at  the  location  of  the  bath-house  ;  and, 
unless  the  conditions  are  very  different  at  other  times  from  what  they  were 
at  the  time  these  samples  were  collected,  the  water  is  not  likely,  in  the 
opinion  of  the  Board,  to  be  noticeably  affected  by  the  sewage  of  New 
Bedford. 

UxBRiDGE.  An  application  was  received,  Jan.  27,  1898,  for  the 
advice  of  the  Board  with  reference  to  preventing  the  j)ollution  of 
Drabbletail  Brook  in  that  town  by  waste  liquid  from  a  creamery  near 
the  brook.  The  peculiar  character  of  the  drainage  from  this  creamery 
necessitated  a  series  of  experiments,  to  determine  the  best  method 
of  disposal.  The  Board  therefore  entered  upon  these  experiments, 
and  subsequently  replied  to  the  application  as  follows :  — 

Nov.  3,  1899. 

The  State  Board  of  Health  received  from  you,  early  last  year,  a  com- 
munication requesting  its  advice  with  reference  to  the  prevention  of  the 
pollution  of  Drabbletail  Brook,  a  stream  which  flows  through  a  thickly 
populated  portion  of  Uxbridge,  by  waste  liquid  from  a  creamery  located 
near  the  brook. 

The  application  was  accompanied  by  plans,  submitted  to  you  by  the 
owners  of  the  creamery,  which  showed  a  proposed  method  of  preventing 
the  pollution  of  the  brook  by  constructing  a  filter  bed  of  sand,  upon  which 
it  was  proposed  to  purify  the  waste  liquid  from  the  creamery  by  filtration. 

As  soon  as  practicable  after  the  application  was  received  the  Board 
caused  the  locality  to  be  examined  and  samples  of  the  waste  liquid  from 
the  creamery  to  be  analyzed.  The  analyses  showed  that  the  liquid  con- 
tained a  large  amount  of  organic  matter,  of  such  a  character  that  it  was 
not  practicable  to  tell,  with  the  information  available,  whether  or  not  it 
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could  be  purified  satisfactorily  upon  the  proposed  filter  bed ;  and,  as  there 
appeared  to  be  no  other  feasible  method  of  disposing  of  the  waste  liquid 
from  the  creamery  than  by  discharging  it  into  the  brook  after  purification, 
an  investigation  was  begun  to  obtain  the  necessary  information  by  experi- 
ment, making  necessary  a  delay  in  replying  to  your  application.  In  the 
mean  time,  the  making  of  ice  cream  was  begun  at  the  creamery,  and  the 
character  of  the  creamery  waste  was  changed  somewhat  by  the  addition  of 
large  quantities  of  salt. 

The  experiments  have  been  made  by  applying  a  liquid  of  similar  chemical 
composition  to  the  waste  liquid  from  the  Uxbridge  creamery  to  small  filters 
constructed  of  various  materials,  at  various  rates.  The  results  of  these 
investigations  show  that  the  waste  liquids  at  present  discharged  from  the 
creamery  can  be  satisfactorily  purified  by  filtration  through  sand.  The 
rate  at  which  a  filter  receiving  these  liquids  can  be  operated  and  satisfactory 
results  obtained  is  much  less  than  with  equal  quantities  of  ordinary  domestic 
sewage,  and  if  too  high  a  rate  is  used,  the  filters  will  become  offensive  in 
the  summer  season.  It  appears  that  the  buttermilk  is  disposed  of  satis- 
factorily by  the  present  method,  and  is  kept  from  polluting  the  brook.  If 
the  buttermilk  should  be  mingled  with  the  other  waste  liquids,  the  difficulty 
of  purifying  them  would  be  greatly  increased  and  a  much  larger  filter  would 
be  requii'ed. 

Judging  fi'om  the  information  available,  the  Board  is  of  the  opinion  that 
the  best  method  of  preventing  the  pollution  of  the  brook  is  to  apply  all 
of  the  waste  liquids  from  the  creamery,  except  the  buttermilk,  to  a  sand 
filter. 

The  plans  submitted  by  you  show  a  filter  bed  to  be  located  on  low  land 
near  the  factory,  which  is  to  have  an  area  of  about  400  square  feet  and  to 
contain  coarse  sand  of  a  depth  of  from  2  to  2^  feet  above  a  system  of 
underdrains.  Such  information  as  has  been  obtained  as  to  the  quantity 
of  waste  liquids  discharged  from  the  creamery  indicates  that  it  is  desirable 
to  provide  for  present  needs  a  filter  having  an  area  of  as  much  as  600 
square  feet,  to  which  addition  can  be  made  if  a  large  increase  in  the 
quantity  of  waste  liquid  should  take  place.  The  depth  of  sand  should  be 
at  least  4  feet,  and,  as  it  is  necessary  to  apply  the  liquid  to  the  filter  inter- 
mittently, the  area  should  be  divided  into  two  beds. 

If  a  filter  bed  is  constructed  at  the  place  proposed  and  with  the  modifi- 
cations of  your  plan  herein  suggested,  it  will  provide  a  satisfactory  method 
of  purifying  the  waste  liquid  from  the  creamery  without  causing  offence  in 
the  neighborhood,  if  the  liquid  is  applied  to  different  parts  of  the  beds  and 
if  the  beds  are  used  alternately  and  for  periods  of  no  more  than  two  days 
at  a  time. 

If  the  land  required  cannot  be  obtained  by  purchase,  it  may  be  possible 
to  secure  it  by  action  of  the  town  under  the  provisions  of  chapter  124  of 
the  Acts  of  the  year  1890. 
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West  Springfield.  A  communication  was  received,  June  10, 
1899,  from  the  president  of  the  Springfield  Glazed  Paper  Company 
(a  corporation  doing  business  in  West  Springfield) ,  stating  that  the 
outlet  of  a  sewer  near  their  mill  in  West  Springfield  had  proved  to 
be  a  nuisance.  The  State  Board  was  therefore  requested  "to  take 
such  action  as  will  cause  the  nuisance  to  be  speedily  abated."  The 
Board  sent  the  following  communication  to  the  selectmen  of  West 
Springfield,  and  so  informed  the  president  pf  the  Springfield  Glazed 
Paper  Company :  — 

July  7,  1899. 

A  communication  was  received  by  this  Board,  on  June  10,  1899,  from 
the  president  of  the  Springfield  Glazed  Paper  Company,  relative  to  a  nui- 
sance caused  by  a  sewer  outlet  near  the  factory  of  the  company  on  the 
westerly  bank  of  the  Connecticut  River,  just  below  the  West  Springfield 
end  of  the  old  covered  bridge  from  Springfield  to  West  Springfield ;  and 
in  response  to  this  request  the  Board  has  caused  the  locality  to  be  exam- 
ined by  one  of  its  engineers. 

From  this  examination  it  appears  that  the  trouble  is  caused  by  the  sewage 
from  a  large  sewer  in  West  Springfield  which  is  discharged  at  the  edge  of 
the  river,  where  the  water  is  very  shallow  under  ordinary  conditions  and 
the  water  in  the  stream  has  practically  no  current.  Under  these  conditions 
the  sewage  remains  in  a  large  mass  close  to  the  river  bank,  and  gives  off 
an  offensive  odor.  In  a  very  dry  season  the  bank  of  the  river  would  be 
considerably  exposed  around  the  sewer  outlet,  and  the  nuisance  from  the 
sewage  would  be  even  worse  than  in  an  ordinary  season. 

It  is  practicable,  in  the  opinion  of  the  Board,  to  prevent  this  nuisance 
by  extending  a  pipe  from  the  sewer  just  above  the  present  outlet  to  some 
point  far  enough  out  from  the  shore  so  that  sewage  maybe  discharged  into 
the  current  of  the  river  at  all  times,  and  be  well  diluted  before  it  can  be 
returned  to  the  shore.  If  this  pipe  is  made  large  enough  to  carry  the  flow 
of  sewage  under  ordinary  conditions,  the  excess  of  mingled  sewage  and 
storm  water  during  storms  can  probably  be  allowed  to  overflow  at  the  edge 
of  the  river  without  serious  objection. 

The  discharge  of  sewage  at  this  place  in  the  present  way  is  likely  to 
become  even  more  objectionable  in  the  future  than  at  present,  and  the 
Board  would  advise  that  suitable  provision  be  made  without  delay  for  the 
proper  disposal  of  the  sewage. 

Ice  Supplies. 
The  following  is  the  substance  of  the  action  of  the  Board  during 
the  past  year  in  reply  to  applications  for  advice  relative  to  sources 
of  ice  supply  :  — 
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HoLYOKE.  A  communication  was  received  from  the  water  com- 
missioners of  Holyoke,  Jan.  2,  1899,  asking  the  advice  of  the  Board 
with  reference  to  the  proposed  location  of  certain  ice  houses  near 
Ashley  Pond,  one  of  the  sources  of  water  supply  of  the  city,  and  the 
cutting  of  ice  from  that  source  for  domestic  use.  Two  plans  for  the 
location  of  the  ice  houses  and  such  other  buildings  as  were  necessary 
accompanied  the  application.  To  this  appUcation  the  Board  replied 
as  follows :  — 

Feb.  18,  1899. 

By  plan  No.  1  it  is  proposed  to  cut  off  from  the  water-shed  of  Ashley 
Pond  a  triangular  tract  of  land  comprising  about  7J  acres  near  the  south- 
westerly side  of  the  pond,  one-third  of  which  is  now  covered  with  water  to 
a  depth  of  about  4  feet,  being  a  portion  of  an  arm  of  the  pond.  The 
southerly  boundary  of  this  tract  is  the  Holyoke  &  Westfleld  Railroad,  and 
it  is  proposed  to  fill  the  submerged  portion  of  the  tract  with  soil  from  the 
higher  portions,  and  to  arrange  the  surface  drainage  of  all  portions  of  the 
tract  in  such  a  way  that  it  will  flow  toward  channels  along  the  raihoad  and 
be  diverted  from  Ashley  Pond.  The  water  from  a  water-shed  of  89  acres 
south  of  the  railroad,  which  now  flows  through  a  culvert  into  the  portion 
of  the  pond  which  it  is  proposed  to  fill,  will  be  conveyed  into  Ashley  Pond 
through  a  pipe  20  inches  in  diameter.  The  ice  houses  proposed  will  be 
located  within  this  tract  and  the  ice  conveyed  to  them  from  the  main  por- 
tion of  Ashley  Pond  along  a  channel  cut  in  the  ice  which,  according  to  the 
plan  submitted,  will  be  about  600  feet  in  length.  The  depth  of  the  water 
in  the  portion  of  the  pond  in  which  this  channel  would  be  located  ranges 
from  4  to  7  feet  when  the  pond  is  full.  A  spur  track  about  300  feet  in 
length  is  shown  upon  the  plan,  leading  from  the  railroad  to  the  proposed 
buildings. 

Plan  No.  2  provides  for  the  location  of  the  buildings  near  the  south- 
easterly side  of  the  .pond  ;  and,  since  the  ground  in  this  region  slopes 
rapidly  away  from  the  pond,  the  buildings  can  be  placed  very  close  to  the 
pond  without  being  within  its  water-shed.  Ice  would  be  conveyed  to  these 
ice  houses  from  Ashley  Pond  along  a  channel  about  840  feet  in  length, 
having  a  depth  ranging  from  3J  feet  to  7  feet,  according  to  the  plan.  A 
spur  track  leading  from  the  railroad  to  these  ice  houses  could  be  laid  inside 
of  the  present  railroad  location,  and,  according  to  the  plans,  would  have 
an  approximate  length  of  about  1,400  feet.  This  track  could  be  laid  so  as 
to  slope  either  toward  the  railroad  or  toward  the  ice  houses,  apparently 
■without  materially  affecting  its  cost. 

The  Board  has  caused  a  further  examination  of  the  region  about  Ashley 
Pond  to  be  made  by  its  engineer,  and  has  carefully  considered  the  plans  sub- 
mitted for  removing  and  storing  the  ice.  "With  regard  to  the  use  of  Ashley 
Pond  as  a  source  of  domestic  ice  supply  for  the  inhabitants  of  Holyoke, 
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the  Board  has  already  expressed  its  opinion  in  a  previous  communication 
relative  to  this  subject. 

If  plan  No.  1  should  be  carried  out  as  proposed,  water  which  might  flow 
off  the  surface  of  the  land  upon  which  it  is  proposed  to  locate  the  ice 
houses  and  other  buildings  would  be  diverted  from  the  water-shed  of 
Ashley  Pond  ;  and,  if  the  area  is  properly  fenced,  all  trespass  from  it  upon 
the  water-shed  of  Ashley  Pond  could  be  prevented,  but  the  underground 
drainage  with  such  sewage  from  vaults  or  barns  as  might  get  into  it  would 
find  its  way  into  the  pond.  The  cost  of  this  plan  would  be  large,  princi- 
pally because  the  filling  of  the  arm  of  the  pond  would  require  the  moving 
of  several  thousand  cubic  yards  of  material. 

By  plan  No.  2  it  will  not  be  necessary  to  fill  any  portion  of  the  pond,  and 
the  ice  houses  will  be  located  outside  the  water-shed  of  the  pond.  The 
length  of  channel  along  which  it  will  be  necessary  to  convey  the  ice  from 
the  shores  of  Ashley  Pond  will  apparently  be  no  more  than  250  feet  greater 
than  in  the  case  of  plan  No.  1.  The  spur  track,  as  shown  upon  the  plan 
submitted,  is  considerably  longer  than  in  the  case  of  plan  No.  1,  but  it 
appears  to  be  practicable  to  connect  this  track  with  the  main  track  at  a 
point  somewhat  nearer  the  ice  houses.  On  the  whole,  the  cost  of  carry- 
ing out  this  plan  will  probably  be  much  less  than  in  the  case  of  plan  No. 
1,  and  by  constructing  a  suitable  fence  the  danger  of  pollution  of  the  pond 
by  trespassers  from  the  buildings  can  be  guarded  against  except  at  times 
of  ice  cutting. 

By  either  plan  it  is  proposed  to  cut  and  take  ice  from  the  main  portion 
of  Ashley  Pond  near  its  southerly  end ;  and  the  Board  is  of  the  opinion 
that,  if  ice  is  allowed  to  be  cut  on  the  pond,  it  is  necessary  that  pollution 
of  the  pond  by  those  employed  in  the  work,  or  by  others,  should  be  pre- 
vented by  a  very  careful  inspection  by  persons  employed  in  the  interests 
of  the  city. 

The  Board  is  of  the  opinion  that  the  objections  to  plan  No.  1  are  such 
as  to  make  the  adoption  of  this  plan  inadmissible  under  the  circumstances. 
Plan  No.  2  is  safer,  because  the  ice  houses  and  such  other  buildings  as 
may  be  necessary  will  be  located  outside  the  water-shed  of  Ashley  Pond, 
and  all  drainage  will  be  in  a  direction  away  from  the  pond. 

North  Adams.  A  communication  was  received  from  the  board 
of  health  of  North  Adams,  March  6,  1899,  asking  the  advice  of  the 
State  Board  of  Health  relative  to  the  use  of  ice  from  Hudson  Brook 
in  Clarksburg.  The  Board  replied  to  this  communication  as  fol- 
lows :  — 

Mat  6,  1899. 

The  State  Board  of  Health  has  carefully  considered  your  application  for 
advice  as  to  the  use  of  Hudson  Brook,  Clarksburg,  as  a  source  of  ice  sup- 
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ply  and  as  to  the  quality  of  ice  therefrom,  and  has  caused  the  locality  to 
be  examined  by  its  engineer  and  a  sample  of  the  ice  from  this  pond  sent 
in  by  you  to  be  analyzed.  The  results  of  the  analysis  show  that  the  quan- 
tity of  organic  matter  was  considerably  larger  than  is  usually  found  in  ice, 
and  an  examination  of  the  water-shed  of  the  pond  shows  that  little 
improvemeut  has  been  made  in  its  condition  since  a  previous  examination 
by  the  Board  early  last  year.  It  appears  that  the  ice  from  this  source  has 
been  condemned  in  the  past  two  years  by  your  board,  and  in  view  of  all  the 
circumstances  this  Board  can  see  no  good  reason  why  the  decision  should 
be  reversed. 

As  stated  in  the  former  reply,  the  Hudson  Brook  Pond  would  appear  to 
be  a  suitable  source  of  ice  supply,  if  care  is  taken  to  prevent  its  pollution 
from  the  few  buildings  situated  in  the  immediate  vicinity  of  the  stream  and 
its  tributaries  above  the  pond. 

Springfield.  An  application  was  received  from  the  board  of 
health  of  Springfield,  Oct.  19,  1898,  for  the  advice  of  the  State 
Board  in  regard  to  the  best  method  of  preventing  the  pollution  of  a 
small  brook,  a  tributary  of  Water  Shop  Pond,  used  as  a  source  of 
ice  supply  in  that  city.  The  Board  replied  to  this  application  as 
follows  :  — 

July  7,  1899. 

The  State  Board  of  Health  received  from  you,  in  October  last,  an  appli- 
cation for  advice  with  reference  to  the  prevention  of  the  pollution  of  a 
small  brook,  a  tributary  of  Water  Shop  Pond  (a  source  of  ice  supply)  in 
Springfield,  by  sewage  from  houses  in  the  vicinity  of  Gunn  Square,  which 
are  so  situated  that  they  cannot  be  connected  with  the  present  sewers  of  the 
city.  At  the  time  the  application  was  submitted,  it  appears  that  about  five 
houses  discharged  sewage  into  the  brook  referred  to,  but  since  that  time 
several  other  houses  have  been  built  in  this  locality,  and  sewage  from  these 
houses  is  also  discharged  into  the  brook.  From  information  furnished  by 
you,  it  appears  that  the  quantity  of  mingled  sewage  and  water  flowing  from 
the  sewer  into  the  brook  about  the  middle  of  last  November  amounted  to 
about  75,000  gallons  in  twenty-four  hours,  but  the  sewage  was  very  dilute. 

Since  the  application  was  submitted  a  trench  has  been  excavated  in  the 
sandy  soil  along  the  brook  for  a  distance  of  about  700  feet,  and  during 
the  latter  portion  of  the  winter  the  sewage  was  discharged  into  this  trench, 
from  which  it  appears  to  have  filtered  away  through  the  ground,  so  that  it 
was  probably  well  purified  before  reaching  Water  Shop  Pond.  Surface 
water,  however,  finds  its  way  into  the  ditch,  and  there  are  indications  that 
at  times  of  rain  the  mmgled  sewage  and  water  has  flowed  through  the  ditch 
and  out  of  it  at  its  lower  end. 

It  appears  from  the  information  submitted  to  the  Board  that  the  proposed 
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intercepting  sewer  in  the  valley  of  Mill  River,  plans  for  which  have  already 
been  prepared,  will  provide  for  the  disposal  of  the  sewage  of  the  territory 
in  the  vicinity  of  Gunn  Square  in  the  f  utui*e ;  and  that,  since  this  sewer 
is  likely  to  be  constructed  before  many  years,  a  temporary  method  of  puri- 
fying the  sewage  and  preventing  the  pollution  of  the  brook  is  all  that  is 
required  at  the  present  time. 

The  Board  is  informed  that  the  trench  already  dug  has  been  capable  of 
disposing  of  the  sewage  except  at  times  of  heavy  rain,  and  that  the  condi- 
tions are  such  that  it  is  probable  that,  if  surface  water  is  kept  out,  the 
trench  will  be  capable  of  receiving  and  purifying  all  of  the  sewage  from 
the  present  sewer  for  a  considerable  time  in  the  future  ;  so  that  this  method 
of  disposing  of  the  sewage  appears  to  be  a  satisfactory  expedient  to 
adopt,  pending  the  construction  of  the  proposed  intercepting  sewer. 

The  Board  would  advise  that  the  quantity  of  sewage  be  reduced  as  much 
as  possible  by  keeping  all  surface  water,  so  far  as  practicable,  out  of  the 
sewer  and  out  of  the  trench  into  which  the  sewage  is  discharged,  and  that 
the  trench  be  separated  into  two  parts,  or  another  trench  dug,  so  that  the 
sewage  can  be  applied  to  the  trenches  intermittently.  It  may  also  be  nec- 
essary to  remove  from  time  to  time  the  sludge  that  may  collect  in  the  bot- 
tom of  the  trenches,  and  the  lower  end  should  be  effectually  stopped  up, 
so  as  to  prevent  sewage  from  escaping. 

Ware.  An  application  was  received,  Sept.  20,  1899,  from  the 
board  of  health  of  Ware,  for  the  advice  of  the  Board  with  reference 
to  the  use  of  a  certain  pond  in  that  town  as  a  source  of  ice  supply. 
The  Board  replied  to  this  application  as  follows  :  — 

Nov.  3,  1899. 

The  State  Board  of  Health  has  considered  your  application  for  advice 
with  reference  to  a  source  of  ice  supply  in  the  town  of  Ware,  and  has 
caused  the  pond  from  which  the  ice  is  taken  and  its  surroundings  to  be  ex- 
amined by  one  of  its  engineers  and  samples  of  the  water  to  be  analyzed. 

It  appears  that  the  pond  is  formed  by  flooding  an  area  of  about  half  an 
acre  to  a  small  depth,  and  the  examinations  show  that  the  only  sources 
from  which  the  pond  might  be  polluted  at  present  are  a  house  and  barn 
situated  near  the  brook  a  short  distance  above  the  pond.  Drainage  from 
the  cow  yard  connected  with  the  barn  evidently  finds  its  way  into  the 
brook,  assisted  by  the  flow  of  water  from  the  water  trough  fed  by  a  pipe 
from  a  spring ;  but  it  appears  to  be  feasible  to  remove  the  cow  yard  to  the 
other  side  of  the  barn,  and  prevent  the  direct  contamination  of  the  brook 
from  this  source.  The  sink  drainage  from  the  house  flows  into  a  cesspool 
located  about  50  feet  from  the  brook,  and  care  must  be  taken  to  pi'event 
the  danger  that  any  drainage  may  escape  from  this  cesspool  in  such  a  way 
as  to  pollute  the  brook.     If  the  danger  of  pollution  of  the  pond  by  the  cow 
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yard  or  cesspool  is  prevented,  the  Board  is  of  the  opinion  that  this  pond 
would  be  a  suitable  source  of  ice  supply. 

Attention  has  also  been  called  to  another  pond,  located  on  Muddy  Brook,, 
a  short  distance  below  the  pond  already  referred  to,  which  is  threatened 
with  contamination  by  the  proposed  deposit  of  night-soil  in  a  pit  not  far 
from  the  pond.  There  is  no  doubt  that  the  deposit  of  night-soil  at  this 
place  would  be  a  serious  menace  not  only  to  the  purity  of  the  water  of  the 
ice  pond  but  also  of  the  water  of  the  public  water  supply,  which  is  drawn 
from  the  ground  a  short  distance  below  this  pond,  and  should  be  prevented. 


Rules   and   Regulations    for   the    Sanitary   Protection  of 
Sources  of  Water  Supply. 
The  following  rules  and  regulations  were  made  by  the  Board  June 
20,  1899:  — 

Rules  and  Regulations  for  the  Sanitary  Protection  of  Waters  used  by  the 
Metropolitan  Water  Board  for  the  Water  Supply  of  any  City,  Town  or 
Water  Company  under  the  Authority  of  Chapter  488  of  the  Acts  of 
1895,  and  Acts  in  Amendment  thereof  or  Addition  thereto. 
The  State  Board  of  Health,  acting  under  the  authority  of  section  24  of 
chapter  488  of  the  Acts  of  the  year  1895,  hereby  makes  the  following  rules 
and  regulations  for  the  sanitary  protection  of  all  waters  used  by  the  Metro- 
politan Water  Board  for  the  water  supply  of  any  city,  town  or  water  com- 
pany, under  the  authority  of  chapter  488  of  the  Acts  of  the  year  1895,  and 
acts  in  amendment  thereof  or  addition  thereto,  which  shall  remain  in  force 
until  further  order,  and  which  may  be  hereafter  from  time  to  time  amended 
or  added  to  by  the  State  Board  of  Health :  — 

1.  No  cesspool,  privy  or  other  place  for  the  reception,  deposit  or  storage 
of  human  excrement,  and  no  urinal  or  water-closet  not  discharging  into  a 
sewer,  shall  be  located,  constructed  or  maintained  within  fifty  feet  of  high- 
water  mark  of  any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or 
other  open  waters,  used  by  the  Metropolitan  Water  Board  as  a  source,  or 
for  the  conveyance,  storage  or  distribution,  of  the  water  supply  of  any  city, 
town  or  water  company,  under  the  provisions  of  chapter  488  of  the  Acts  of 
the  year  1895,  and  acts  in  amendment  thereof  or  addition  thereto,  or  within 
fifty  feet  of  high-water  mark  of  any  lake,  pond,  reservoir,  stream,  ditch, 
water  course,  or  other  open  waters  the  water  of  which  flows  directly  or  ulti- 
mately into  any  waters  so  used  by  the  Metropolitan  Water  Board. 

2.  No  human  excrement  shall  be  deposited  or  discharged  in  or  into  any 
lake,  pond,  reservoir,  stream,  ditch,  water  course  or  other  open  waters, 
used  by  the  Metropolitan  Water  Board  as  a  source,  or  for  the  conveyance, 
storage  or  distribution,  of  the  water  supply  of  any  city,  town  or  water  com- 
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pany,  under  the  provisions  of  chapter  488  of  the  Acts  of  the  year  1895,  and 
acts  in  amendment  thereof  or  addition  thereto,  or  into  any  lake,  pond,  res- 
ervoir, stream,  ditch,  water  course  or  other  open  waters,  the  water  of  which 
flows  directly  or  ultimately  into  any  waters  so  used  by  the  Metropolitan 
Water  Board ;  and  no  human  excrement  shall  be  kept  in  or  deposited  or 
discharged  in  or  into  any  cesspool,  privy  or  other  receptacle  situated  within 
two  hundred  and  fifty  feet  of  high-water  mark  of  any  open  waters  so  used 
by  the  Metropolitan  Water  Board,  or  within  two  hundred  and  fifty  feet  of 
high-water  mark  of  any  open  waters  flowing  as  aforesaid  into  waters  so 
used  by  the  Metropolitan  Water  Board,  unless  such  cessi>ool,  privy  or 
other  receptacle  is  so  constructed  that  no  portion  of  its  contents  can  escape 
or  be  washed  into  any  such  waters. 

3.  No  human  excrement,  or  compost  containing  human  excrement,  or 
contents  of  any  privy  or  cesspool  or  sewer,  or  other  receptacle  for  the 
reception  or  storage  of  human  excrement,  shall  be  deposited  or  discharged 
upon  or  into  the  ground  at  any  place  from  which  any  such  excrement,  com- 
post or  contents,  or  particles  thereof,  may  flow  or  be  washed  or  carried 
into  any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or  other  open 
waters,  used  by  the  Metropolitan  Water  Board  as  a  source,  or  for  the  con- 
veyance, storage  or  distribujiion,  of  the  water  supply  of  any  city,  town  or 
water  company,  under  the  provisions  of  chapter  488  of  the  Acts  of  the  year 
1895,  and  acts  in  amendment  thereof  or  addition  thereto,  or  into  any  lake, 
pond,  reservoir,  stream,  ditch,  water  course  or  other  open  waters,  the  water 
of  which  flows  directly  or  ultimately  into  any  waters  so  used  by  the  Met- 
ropolitan Water  Board. 

4.  No  house  slops,  sink  waste,  water  which  has  been  used  for  washing  or 
cooking,  or  other  polluted  water,  shall  be  discharged  into  any  lake,  pond, 
reservoir,  stream,  ditch,  water  course  or  other  open  waters,  used  by  the 
Metropolitan  Water  Board  as  a  source,  or  for  the  conveyance,  storage  or 
distribution,  of  the  water  supply  of  any  city,  town  or  water  company, 
under  the  provisions  of  chapter  488  of  the  Acts  of  the  year  1895,  and  acts 
in  amendment  thereof  or  addition  thereto,  or  into  any  lake,  pond,  reservoir, 
stream,  ditch,  water  course  or  other  open  waters,  the  water  of  which  flows 
directly  or  ultimately  into  any  waters  so  used  by  the  Metropolitan  Water 
Board ;  no  house  slops,  sink  waste,  water  which  has  been  used  for  washing 
or  cooking,  or  other  polluted  water,  shall  be  discharged  into  the  ground 
within  fifty  feet,  or  upon  the  ground  within  two  hundred  and  fifty  feet,  of 
high-water  mark  of  any  open  waters  so  used  by  the  Metropolitan  Water 
Board,  or  into  the  ground  within  fifty  feet,  or  upon  the  ground  within  two 
hundred  and  fifty  feet,  of  high-water  mark  of  any  open  waters  flowing  as 
aforesaid  into  waters  so  used  by  the  Metropolitan  Water  Board. 

5.  No  garbage,  manure  or  putrescible  matter  whatsoever  shall  be  put  into 
any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or  other  open  waters, 
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used  by  the  Metropolitan  Water  Board  as  a  source,  or  for  the  conveyance, 
storage  or  distribution,  of  the  water  supply  of  any  city,  town  or  water 
company,  under  the  provisions  of  chapter  488  of  the  Acts  of  the  year  1895, 
and  acts  in  amendment  thereof  or  addition  thereto,  or  into  any  lake,  pond, 
reservoir,  stream,  ditch,  water  course  or  other  open  waters,  the  water  of 
which  flows  directly  or  ultimately  into  any  waters  so  used  by  the  Metro- 
politan Water  Board ;  and  no  garbage,  manure  or  putrescible  matter  what- 
soever shall,  except  in  the  cultivation  and  use  of  the  soil  in  the  ordinai-y 
methods  of  agriculture,  be  put  upon  the  ground  within  two  hundred  and 
fifty  feet  of  high-water  mark  of  any  open  waters  so  used  by  the  Metropoli- 
tan Water  Board,  or  within  two  hundred  and  fifty  feet  of  high-water  mark 
of  any  open  waters  flowing  as  aforesaid  into  waters  so  used  by  the  Metro- 
politan Water  Board. 

6.  No  stable,  pig-sty,  hen-house,  barn-yard,  hog-yard,  hitching  or 
standing  place  for  horses,  cattle  or  other  animals,  or  other  place  where 
animal  manure  is  deposited  or  accumulates,  shall  be  located,  constructed 
or  maintained,  any  part  of  which  is  within  fifty  feet  of  high- water  mark 
of  any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or  other  open 
waters,  used  by  the  Metropolitan  Water  Board  as  a  source,  or  for  the  con- 
veyance, storage  or  distribution,  of  the  water  supply  of  any  city,  town  or 
water  company,  under  the  provisions  of  chapter  488  of  the  Acts  of  the 
year  1895,  and  acts  in  amendment  thereof  or  addition  thereto,  or  within 
fifty  feet  of  high-water  mark  of  any  lake,  pond,  reservoir,  stream,  ditch, 
water  course  or  other  open  waters,  the  water  of  which  flows  directly  or 
ultimately  into  any  waters  so  used  by  the  Metropolitan  Water  Board;  and 
no  stable  or  other  place,  as  above  enumerated,  shall  be  located,  con- 
structed or  maintained  within  two  hundred  and  fifty  feet  of  high-water 
mark  of  any  open  waters  so  used  by  the  Metropolitan  Water  Board,  or 
within  two  hundred  and  fifty  feet  of  high  water  mark  of  any  open  waters 
flowing  as  aforesaid  into  waters  so  used  by  the  Metropolitan  Water  Board, 
unless  suitable  and  adequate  provision  is  made  to  prevent  any  manure  or 
other  polluting  matter  from  flowing  or  being  washed  into  such  open  waters. 

7.  No  interment  shall,  except  by  permission  in  writing  by  the  Metro- 
politan Water  Board,  be  made  in  any  cemetery  or  other  place  of  burial 
within  fifty  feet  of  high-water  mark  of  any  lake,  pond,  reservoir,  stream, 
ditch,  water  course  or  other  open  waters,  used  by  the  Metropolitan  Water 
Board  as  a  source,  or  for  the  conveyance,  storage  or  distribution,  of  the 
water  supply  of  any  city,  town  or  water  company,  under  the  provisions 
of  chapter  488  of  the  Acts  of  the  year  1895,  and  acts  in  amendment  thereof 
or  addition  thereto,  or  within  fifty  feet  of  high-water  mark  of  any  lake, 
pond,  reservoir,  stream,  ditch,  watercourse  or  other  open  waters,  the  water 
of  which  flows  directly  or  ultimately  into  any  waters  so  used  by  the  Metro- 
politan Water  Board. 
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8.  No  lands,  which  were  not  under  the  control  of  cemetery  authorities 
and  used  for  cemetery  purposes  on  July  1,  1899,  from  which  the  natural 
drainage  flows  into  any  lake,  pond,  reservoir,  stream,  ditch,  water  course 
or  other  open  waters,  used  by  the  Metropolitan  Water  Board  as  a  source, 
or  for  the  conveyance,  storage  or  distribution,  of  the  water  supply  of  any 
city,  town  or  water  company,  under  the  provisions  of  chapter  488  of  the 
Acts  of  the  year  1895,  and  acts  in  amendment  thereof  or  addition  thereto, 
or  into  any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or  other  open 
waters,  the  water  of  which  flows  directly  or  ultimately  into  any  waters  so 
used  by  the  Metropolitan  Water  Board,  shall  be  taken  or  used  for  cemetery 
purposes  until  a  plan  and  description  of  the  lands  which  it  is  proposed  to 
use  for  such  purposes,  sufficient  for  their  identification,  shall  be  presented 
to  the  State  Board  of  Health,  and  until  such  taking  or  use  shall  be  approved 
in  writing  by  the  State  Board  of  Health. 

9.  No  manufacturing  refuse  or  waste  products  or  polluting  liquid,  or 
other  substance  of  a  nature  poisonous  or  injurious  either  to  human  beings 
or  animals,  or  other  putrescible  organic  matter  whatsoever,  shall  be  dis- 
charged directly  into,  or  at  any  place  from  which  it  may  flow  or  be  washed 
or  carried  into,  any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or 
other  open  waters,  used  by  the  Metropolitan  Water  Board  as  a  source, 
or  for  the  conveyance,  storage  or  distribution,  of  the  water  supply  of  any 
city,  town  or  water  company,  under  the  provisions  of  chapter  488  of  the 
Acts  of  the  year  1895,  and  acts  in  amendment  thereof  or  addition  thereto, 
or  any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or  other  open 
waters,  the  water  of  which  flows  directly  or  ultimately  into  any  waters  so 
used  by  the  Metropolitan  Water  Board. 

10.  No  system  of  sewers  or  other  works  for  the  collection,  conveyance, 
disposal  or  purification  of  domestic  or  manufacturing  sewage  or  drainage, 
or  any  other  putrescible  organic  matter  whatsoever,  shall,  except  in  accord- 
ance with  plans  first  approved  in  writing  by  the  State  Board  of  Health,  be 
constructed  or  maintained  at  any  place  within  the  water-shed  of  any  lake, 
pond,  reservoir,  stream,  ditch,  water  course  or  other  open  waters  used  by 
the  Metropolitan  Water  Board  as  a  source,  or  for  the  conveyance,  storage 
or  distribution,  of  the  water  supply  of  any  city,  town  or  water  company, 
under  the  provisions  of  chapter  488  of  the  Acts  of  the  year  1895,  and  acts 
in  amendment  thereof  or  addition  thereto.  No  private  or  separate  sewer 
shall  be  constructed  or  maintained  having  an  outlet  upon  or  in  the  ground 
within  two  hundred  and  fifty  feet  of  high-water  mark  of  any  open  waters 
so  used  by  the  Metropolitan  Water  Board,  or  within  two  hundred  and  fifty 
feet  of  high-water  mark  of  any  lake,  pond,  reservoir,  stream,  ditch,  water 
course  or  other  open  waters,  the  water  of  which  flows  directly  or  ultimately 
into  any  waters  so  used  by  the  Metropolitan  Water  Board. 

11.  No  public  or  private  hospital,  or  other  place  intended  for  the  reeep- 
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tion  or  treatment  of  persons  afflicted  with  a  contagious  or  infectious  disease, 
shall,  until  the  location  and  construction  thereof  have  been  approved  in 
writing  by  the  State  Board  of  Health,  be  located  or  constructed  at  any  place 
within  the  water-shed  of  any  lake,  pond,  reservoir,  stream,  ditch,  water 
course  or  other  open  waters,  used  by  the  Metropolitan  "Water  Board  as  a 
source,  or  for  the  conveyance,  storage  or  distribution,  of  the  water  supply 
of  any  city,  town  or  water  company,  under  the  provisions  of  chapter  488 
of  the  Acts  of  the  year  1895,  and  acts  in  amendment  thereof  or  addition 
thereto.  No  public  or  private  hospital,  or  other  place  intended  for  the 
reception  or  treatment  of  persons  afflicted  with  a  contagious  or  infectious 
disease,  shall  be  maintained  at  any  place  within  such  water-shed,  unless  all 
the  provisions  required  by  the  State  Board  of  Health  for  the  purification 
or  disposal  of  sewage,  drainage  or  other  polluting  or  organic  matter,  which 
may  be  discharged  therefrom,  have  been  complied  with,  and  unless  all 
orders  issued  from  time  to  time  by  the  State  Board  of  Health  in  relation  to 
the  purification  and  disposal  of  sewage,  drainage  and  other  polluting  or 
organic  matter,  which  may  be  discharged  therefrom,  are  fully  complied 
with. 

12.  No  tannery,  currying  shop  or  other  establishment  or  place  where 
the  skins,  wool,  hair  or  fur  of  any  animal  are  treated,  shall,  until  the  loca- 
tion and  construction  thereof  have  been  approved  in  writing  by  the  State 
Board  of  Health,  be  located  or  constructed  at  any  place  within  the  water- 
shed of  any  lake,  pond,  reservoir,  stream,  ditch,  water  course  or  other  open 
waters,  used  by  the  Metropolitan  Water  Board  as  a  source,  or  for  the  con- 
veyance, storage  or  distribution,  of  the  water  supply  of  any  city,  town  or 
water  company,  under  the  provisions  of  chapter  488  of  the  Acts  of  the  year 
1895,  and  acts  in  amendment  thereof  or  addition  thereto.  No  tannery, 
currying  shop  or  other  establishment  or  place  where  the  skins,  wool,  hair 
or  fur  of  any  animal  are  treated,  shall  be  maintained  at  any  place  within 
such  water- shed,  unless  all  the  provisions  required  by  the  State  Board  of 
Health  for  the  purification  or  disposal  of  sewage,  drainage  or  other  pollut- 
ing or  organic  matter,  which  may  be  discharged  therefrom,  have  been  com- 
plied with,  and  unless  all  orders  issued  from  time  to  time  by  the  State 
Board  of  Health  in  relation  to  the  purification  and  disposal  of  sewage, 
drainage  and  other  polluting  or  organic  matter,  which  may  be  discharged 
therefrom,  are  fully  complied  with. 

13.  No  slaughter  house  or  other  building  for  carrying  on  the  business 
of  slaughtering  cattle,  sheep  or  other  animals,  and  no  melting  or  rendering 
establishment,  shall,  until  the  location  and  construction  thereof  have  been 
approved  in  writing  by  the  State  Board  of  Health,  be  located  or  constructed 
at  any  place  within  the  water-shed  of  any  lake,  pond,  reservoir,  stream, 
ditch,  water  course  or  other  open  waters,  used  by  the  Metropolitan  Water 


No.  34.]        ADVICE   TO    CITIES   AM)   TOWNS.  115 

Board  as  a  source,  or  for  the  conveyance,  storage  or  distribution,  of  the 
water  supply  of  any  city,  town  or  water  company,  under  the  provisions  of 
chapter  488  of  the  Acts  of  the  year  1895,  and  acts  in  amendment  thereof 
or  addition  thereto.  No  slaughter  house  or  other  building  for  carrying  on 
the  business  of  slaughtering  cattle,  sheep  or  other  animals,  and  no  melting 
or  rendering  establishment,  shall  be  maintained  at  any  place  within  such 
water-shed,  unless  all  the  provisions  required  by  the  State  Board  of  Health 
for  the  purification  or  disposal  of  sewage,  drainage  or  other  polluting  or 
organic  matter,  which  may  be  discharged  therefrom,  have  been  complied 
with,  and  unless  all  orders  issued  fi'om  time  to  time  by  the  State  Board  of 
Health  in  relation  to  the  purification  and  disposal  of  sewage,  drainage  and 
other  polluting  or  organic  matter,  which  may  be  discharged  therefrom,  are 
fully  complied  with. 

14.  No  person  shall  bathe  in,  and  no  person  shall,  unless  permitted  by 
a  special  regulation  or  by  a  written  permit  of  the  Metropolitan  Water 
Board,  fish  in,  or  send,  drive  or  put  any  animal  into,  the  Wachusett  reser- 
voir, so  called,  the  open  channel  of  the  Wachusett  aqueduct,  Sudbury 
reservoir,  Hopkinton  reservoir,  Ashland  reservoir,  Farm  Pond,  Whitehall 
reservoir,  Framingham  reservoir  No.  1,  Framingham  reservoir  No.  2, 
Framingham  reservoir  No.  3,  Lake  Cochituate,  Spot  Pond,  Chestnut  Hill 
reservoir,  or  any  other  lake,  pond,  reservoir  or  stream  used  by  the  Metro- 
politan Water  Board  as  a  source,  or  for  the  conveyance,  storage  or  distri- 
bution, of  the  water  supply  of  any  city,  town  or  water  company,  under  the 
provisions  of  chapter  488  of  the  Acts  of  the  year  1895,  and  acts  in  amend- 
ment thereof  or  addition  thereto.  No  persons  other  than  a  member  of  the 
said  Metropolitan  Water  Board,  its  officers,  agents  or  employees,  or  public 
officers  whose  duties  may  so  require,  shall,  unless  so  permitted  by  regulation 
or  permit  of  the  said  Board,  enter  or  go,  in  any  boat,  skiff,  raft  or  other 
contrivance,  on  or  upon  the  water  of  any  of  said  reservoii's,  or  said  lake, 
ponds  or  open  channel,  or  of  other  such  lakes,  ponds  or  reservoirs,  nor 
.shall  enter  or  go  upon,  or  drive  any  animal  upon  the  ice  of,  any  of  said 
waters  or  other  such  lakes,  ponds,  reservoirs  or  streams. 

15.  No  person  shall  enter  upon  the  Wachusett  reservoir,  so  called, 
Sudbury  reservoir,  the  open  channel  of  the  Wachusett  aqueduct,  Hopkinton 
reservoir,  Ashland  reservoir,  Framingham  reservoir  No.  1,  Framingham 
reservoir  No.  2,  Framingham  reservoir  No.  3,  Farm  Pond,  Whitehall  res- 
ervoir. Lake  Cochituate,  Spot  Pond,  Chestnut  Hill  reservoir,  or  any  other 
lake,  pond  or  reservoir  used  by  the  Metropolitan  Water  Board  as  a  source, 
or  for  the  conveyance,  storage  or  distribution,  of  the  water  supply  of  any 
city,  town  or  water  company,  under  the  provisions  of  chapter  488  of  the 
Acts  of  the  year  1895,  and  acts  in  amendment  thereof  or  addition  thereto, 
for  the  purpose  of  cutting  or  taking  ice,  or  cut  or  take  ice  from  any  such 
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lake,  pond  or  reservoir,  without  a  written  permit,  signed  by  the  Metro- 
politan "Water  Board,  stating  the  time  and  place  for  which  such  permission 
is  given. 

16.  All  reports  which  may  be  made  to  any  board  of  health,  or  to  any 
health  officer  of  any  city  or  town,  of  cases  of  contagious  or  infectious 
diseases  occurring  within  the  water-shed  of  any  lake,  pond,  reservoir,  stream, 
ditch,  water  course  or  other  open  waters,  used  by  the  Metropolitan  "Water 
Board  as  a  source,  or  for  the  conveyance,  storage  or  distribution,  of  the 
water  supply  of  any  city,  town  or  water  company,  under  the  provisions  of 
chapter  488  of  the  Acts  of  the  year  1895,  and  acts  in  amendment  thereof 
or  addition  thereto,  shall  be  open  to  the  inspection  at  all  reasonable  times 
of  the  Metropolitan  "Water  Board,  its  officers  or  agents. 

17.  Nothing  contained  in  these  rules  shall  prevent  the  Metropolitan 
AVater  Board  from  making  or  enforcing  such  further  rules,  regulations  and 
orders,  not  inconsistent  with  these  rules,  as  it  may  deem  necessary  for 
carrying  out  the  provisions  of  chapter  488  of  the  Acts  of  the  year  1895, 
and  acts  amendatory  thereof  and  additional  thereto. 

By  order  of  the  Board,  Samuel  "W.  Abbott, 

Secretary. 

The  following  rules  and  regulations  were  made  by  the  Board  Aug. 
3,  1899:  — 

Rules  and  Regulations  for  the  Purpose  of  preventing  the  Pollution  and 
securing  the  Sanitary  Protection  of  the  Waters  of  Stony  Brook  Reser- 
voir and  its  Tributaries,  used  by  the  City  of  Cambridge  as  a  Source  of 
Water  Supply. 

The  State  Board  of  Health,  acting  under  the  authority  of  section  1  of 
chapter  510  of  the  Acts  of  the  year  1897,  and  every  other  act  thereto 
enabling,  hereby  makes  the  following  rules  and  regulations  for  the  purpose 
of  preventing  the  pollution  and  securing  the  sanitary  protection  of  the. 
waters  of  Stony  Brook  reservoir  and  its  tributaries,  used  by  the  city  of 
Cambridge  as  a  source  of  water  supply,  which  shall  remain  in  force  until 
further  order,  and  which  may  be  hereafter  from  time  to  time  amended  or 
added  to  by  the  State  Board  of  Health  :  — 

1.  No  cesspool,  privy  or  other  place  for  the  reception,  deposit  or  storage 
of  human  excrement,  and  no  urinal  or  water-closet  not  discharging  into  a 
sewer,  shall  be  located,  constructed  or  maintained  within  fifty  feet  of  high- 
water  mark  of  Stony  Brook  reservoir,  so  called,  said  reservoir  being  in 
the  town  of  "Weston  and  the  city  of  "Waltham,  and  used  by  the  city  of  Cam- 
bridge as  a  source  of  water  supply,  or  within  fifty  feet  of  high-water  mark 
of  any  reservoir,  lake,  pond,   stream,  ditch,  water  course  or  other  open 
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waters,  the  water  of  which  flows  directly  or  ultimately  into  said  Stony 
Brook  reservoir. 

2.  No  human  excrement  shall  be  deposited  or  discharged  in  or  into 
Stony  Brook  reservoir,  so  called,  said  reservoir  being  in  the  town  of  Weston 
and  the  city  of  Waltham,  and  used  by  the  city  of  Cambridge  as  a  source 
of  water  supply,  or  into  any  reservoir,  lake,  pond,  stream,  ditch,  water 
course  or  other  open  waters,  the  water  of  which  flows  directly  or  ulti- 
mately into  said  Stony  Brook  reservoir ;  and  no  human  excrement  shall  be 
kept  in,  or  deposited  or  discharged  in  or  into,  any  cesspool,  privy  or  other 
receptacle  situated  within  two  hundred  and  fifty  feet  of  high-water  mark 
of  said  Stony  Brook  reservoir,  or  within  two  hundred  and  fifty  feet  of 
high-water  mark  of  any  open  waters  the  water  of  which  flows  directly  or 
ultimately  into  said  Stony  Brook  reservoir,  unless  such  cesspool,  privy 
or  other  receptacle  is  so  constructed  that  no  portion  of  its  contents  can 
escape  or  be  washed  into  any  such  waters. 

3.  No  human  excrement,  or  compost  containing  human  excrement,  or 
contents  of  any  privy  or  cesspool  or  sewer,  or  other  receptacle  for  the 
reception  or  storage  of  human  excrement,  shall  be  deposited  or  discharged 
upon  or  into  the  ground  at  any  place  from  which  any  such  excrement,  com- 
post or  contents,  or  particles  thereof,  may  flow  or  be  washed  or  carried  into 
Stony  Brook  reservoir,  so  called,  said  reservoir  being  in  the  town  of 
"Weston  and  the  city  of  Waltham,  and  used  by  the  city  of  Cambridge  as  a 
source  of  water  supply,  or  into  any  reservoir,  lake,  pond,  stream,  ditch, 
water  course  or  other  open  waters,  the  water  of  which  flows  directly  or 
ultimately  into  said  Stony  Brook  reservoir. 

4.  No  house  slops,  sink  waste,  water  which  has  been  used  for  washing 
or  cooking,  or  other  polluted  water,  shall  be  discharged  into  Stony  Brook 
reservoir,  so  called,  said  reservoir  being  in  the  town  of  Weston  and  the  city 
of  Waltham,  and  used  by  the  city  of  Cambridge  as  a  source  of  Avater  sup- 
ply, or  into  any  reservoir,  lake,  pond,  stream,  ditch,  water  course  or  other 
open  waters,  the  water  of  which  flows  directly  or  ultimately  into  said  Stony 
Brook  reservoir ;  no  house  slops,  sink  waste,  water  which  has  been  used 
for  washing  or  cooking,  or  other  polluted  water,  shall  be  discharged  into  the 
ground  within  fifty  feet,  or  upon  the  ground  within  two  hundred  and  fifty 
feet,  of  high-water  mark  of  said  Stony  Brook  reservoir,  or  into  the  ground 
within  fifty  feet,  or  upon  the  ground  within  two  hundred  and  fifty  feet,  of 
high-water  mark  of  any  open  waters  flowing  as  aforesaid  into  said  Stony 
Brook  reservoir. 

5.  No  garbage,  manure  or  putrescible  matter  whatsoever  shall  be  put 
into  Stony  Brook  reservoir,  so  called,  said  reservoir  being  in  the  town  of 
Weston  and  the  city  of  Waltham,  and  used  by  the  city  of  Cambridge  as  a 
source  of  water  supply,  or  into  any  reservoir,  lake,  pond,  stream,  ditch,  water 
course  or  other  open  waters,  the  water  of  which  flows  directly  or  ultimately 
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into  said  Stony  Brook  reservoir ;  and  no  garbage,  manure  or  putrescible 
matter  whatsoever  shall,  except  in  the  cultivation  and  use  of  the  soil  in  the 
ordinary  methods  of  agriculture,  be  put  upon  the  ground  within  two  hun- 
dred and  fifty  feet  of  high-water  mark  of  said  Stony  Brook  reservoir,  or 
within  two  hundred  and  fifty  feet  of  high-water  mark  of  any  open  waters 
flowing  as  aforesaid  into  said  Stony  Brook  reservoir. 

6.  No  stable,  pig-sty,  hen-house,  barn-yard,  hog-yard,  hitching  or 
standing  place  for  horses,  cattle  or  other  animals,  or  other  place  where 
animal  manure  is  deposited  or  accumulates,  shall  be  located,  constructed 
or  maintained,  any  part  of  which  is  within  fifty  feet  of  high-water  mark  of 
Stony  Brook  reservoir,  so  called,  said  reservoir  being  in  the  town  of  Wes- 
ton and  the  city  of  Waltham,  and  used  by  the  city  of  Cambridge  as  a 
source  of  water  supply,  or  within  fifty  feet  of  high-water  mark  of  any 
reservoir,  lake,  pond,  stream,  ditch,  water  course  or  other  open  waters,  the 
water  of  which  flows  directly  or  ultimately  into  said  Stony  Brook  reser- 
voir. No  stable  or  other  places,  as  above  enumerated,  shall  be  located, 
constructed  or  maintained  within  two  hundred  and  fifty  feet  of  high-water 
mark  of  said  Stony  Brook  reservoir,  or  within  two  hundred  and  fifty  feet  of 
high-water  mark  of  any  open  waters  flowing  as  aforesaid  into  said  Stony 
Brook  reservoir,  unless  suitable  and  adequate  provision  is  made  to  prevent 
any  manure  or  other  polluting  matter  from  flowing  or  being  washed  into 
said  reservoir  or  such  open  waters. 

7.  No  interment  shall,  except  by  permission  in  writing  by  the  Cam- 
bridge water  board,  be  made  in  any  cemetery  or  other  place  of  burial, 
within  fifty  feet  of  high-water  mark  of  Stony  Brook  reservoir,  so  called, 
said  reservoir  being  in  the  town  of  Weston  and  the  city  of  Waltham,  and 
used  by  the  city  of  Cambridge  as  a  source  of  water  supply,  or  within  fifty 
feet  of  high-water  mark  of  any  reservoir,  lake,  pond,  stream,  ditch,  water 
course  or  other  open  waters,  the  water  of  which  flows  directly  or  ultimately 
into  said  Stony  Brook  reservoir. 

8.  No  lauds,  which  were  not  under  the  control  of  cemetery  authorities 
and  used  for  cemetery  purposes  on  July  20,  1899,  from  which  the  natural 
drainage  flows  into  Stony  Brook  reservoir,  so  called,  said  reservoir  being 
in  the  town  of  Weston  and  the  city  of  Waltham,  and  used  by  the  city  of 
Cambridge  as  a  source  of  water  supply,  or  into  any  reservoir,  lake,  pond, 
stream,  ditch,  water  course  or  other  open  waters,  the  water  of  which  flows 
directly  or  ultimately  into  said  Stony  Brook  reservoir,  shall  be  taken  or 
used  for  cemetery  purposes  until  a  plan  and  description  of  the  lands  which 
it  is  proposed  to  use  for  such  purposes,  sufficient  for  their  identification, 
shall  be  presented  to  the  State  Board  of  Health,  and  until  such  taking  or 
use  shall  be  approved  in  writing  by  the  State  Board  of  Health. 

9.  No  manufacturing  refuse  or  waste  products  or  polluting  liquid,  or 
other  substance  of  a  nature  poisonous  or  injurious  either  to  human  beings 
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or  animals,  or  other  putrescible  organic  matter  whatsoever,  shall  be  dis- 
charged directly  into,  or  at  any  place  from  which  it  may  flow  or  be  washed 
or  carried  into,  Stony  Brook  reservoir,  so  called,  said  I'eservoir  being  in 
the  town  of  Weston  and  the  city  of  Waltham,  and  used  by  the  city  of  Cam- 
bridge as  a  source  of  water  supply,  or  into  any  reservoir,  lake,  pond,  stream, 
ditch,  water  course  or  other  open  waters,  the  water  of  which  flows  directly 
or  ultimately  into  said  Stony  Brook  reservoir. 

10.  No  system  of  sewers  or  other  works  for  the  collection,  conveyance, 
disposal  or  purification  of  domestic  or  manufacturing  sewage  or  drainage,  or 
any  other  putrescible  organic  matter  whatsoever,  shall,  except  in  accordance 
with  plans  first  approved  in  writing  by  the  State  Board  of  Health,  be  con- 
structed or  maintained  at  any  place  within  the  water-shed  of  Stony  Bi'ook 
reservoir,  so  called,  said  reservoir  being  in  the  town  of  Weston  and  the 
city  of  Waltham,  and  used  by  the  city  of  Cambridge  as  a  source  of  water 
supply.  No  private  or  separate  sewer  shall  be  constructed  or  maintained, 
having  an  outlet  upon  or  in  the  ground  within  two  hundred  and  fifty  feet  of 
high-water  mark  of  said  Stony  Brook  reservoir,  or  within  two  hundred  and 
fifty  feet  of  high- water  mark  of  any  reservoir,  lake,  pond,  stream,  ditch, 
water  course  or  other  open  waters,  the  water  of  which  flows  directly  or 
ultimately  into  said  Stony  Brook  reservoir. 

11.  No  public  or  private  hospital,  or  other  place  intended  for  the  recep- 
tion or  treatment  of  persons  afflicted  with  a  contagious  or  infectious  disease, 
shall,  until  the  location  and  construction  thereof  have  been  approved  in 
writing  by  the  State  Board  of  Health,  be  located  or  constructed  at  any 
place  within  the  water-shed  of  Stony  Brook  reservoir,  so  called,  said  reser- 
voir being  in  the  town  of  Weston  and  the  city  of  Waltham,  and  used  by 
the  city  of  Cambridge  as  a  source  of  water  supply.  No  public  or  private 
hospital,  or  other  place  intended  for  the  reception  or  treatment  of  persons 
afflicted  with  a  contagious  or  infectious  disease,  shall  be  maintained  at  any 
place  within  such  water-shed,  unless  all  the  provisions  required  by  the 
State  Board  of  Health  for  the  purification  or  disposal  of  sewage,  drainage 
or  other  polluting  or  organic  matter,  which  may  be  discharged  therefrom, 
have  been  complied  with,  and  unless  all  orders  issued  from  time  to  time  by 
the  State  Board  of  Health  in  relation  to  the  purification  and  disposal  of 
sewage,  drainage  and  other  polluting  or  organic  matter,  which  may  be  dis- 
charged therefrom,  are  fully  complied  with. 

12.  No  tannery,  currying  shop,  or  other  establishment  or  place  where 
the  skins,  wool,  hair  or  fur  of  any  animal  are  treated,  shall,  until  the 
location  and  construction  thereof  have  been  approved  in  writing  by  the 
State  Board  of  Health,  be  located  or  constructed  at  any  place  within 
the  water-shed  of  Stony  Brook  reservoir,  so  called,  said  reservoir  being  in 
the  town  of  Weston  and  the  city  of  Waltham,  and  used  by  the  city  of  Cam- 
bridge as  a  source  of  water  supply.     No  tannery,  currying  shop,  or  other 
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establishment  or  place  where  the  skins,  wool,  hair  or  fur  of  any  animal  are 
treated,  shall  be  maintained  at  any  place  within  such  water-shed,  unless  all 
the  provisions  required  by  the  State  Board  of  Health  for  the  purification  or 
disposal  of  sewage,  drainage  or  other  polluting  or  organic  matter,  which 
may  be  discharged  therefrom,  have  been  complied  with,  and  unless  all 
orders  issued  from  time  to  time  by  the  State  Board  of  Health  in  relation  to 
the  purification  and  disposal  of  sewage,  drainage  and  other  polluting  or 
organic  matter,  which  may  be  discharged  therefrom,  are  fully  complied 
with. 

13.  No  slaughter  house  or  other  building  for  carrying  on  the  business 
of  slaughtering  cattle,  sheep  or  other  animals,  and  no  melting  or  rendering 
establishment,  shall,  until  the  location  and  construction  thereof  have  been 
approved  in  writing  by  the  State  Board  of  Health,  be  located  or  con- 
structed at  any  place  within  the  water-shed  of  Stony  Brook  reservoir,  so 
called,  said  reservoir  being  in  the  town  of  Weston  and  the  city  of  Wal- 
tham,  and  used  by  the  city  of  Cambridge  as  a  source  of  water  supply.  No 
slaughter  house  or  other  building  for  carrying  on  the  business  of  slaughter- 
ing cattle,  sheep  or  other  animals,  and  no  melting  or  rendering  establish- 
ment, shall  be  maintained  at  any  place  within  such  water-shed,  unless  all 
the  provisions  required  by  the  State  Board  of  Health  for  the  purification  or 
disposal  of  sewage,  drainage  or  other  polluting  or  organic  matter,  which 
may  be  discharged  therefrom,  have  been  complied  with,  and  unless  all 
orders  issued  from  time  to  time  by  the  State  Board  of  Health  in  relation 
to  the  purification  and  disposal  of  sewage,  drainage  and  other  polluting  or 
organic  matter,  which  may  be  discharged  therefrom,  are  fully  complied 
with. 

14.  No  person  shall  bathe  in,  and  no  person  shall,  unless  permitted  by 
a  special  regulation  or  by  a  written  permit  of  the  Cambridge  water  board, 
fish  in,  or  send,  drive  or  put  any  animal  into  Stony  Brook  reservoir,  so 
called,  said  reservoir  being  in  the  town  of  Weston  and  the  City  of  Wal- 
tham,  and  used  by  the  city  of  Cambridge  as  a  source  of  water  supply,  nor 
into  the  reservoir  known  as  the  Hobbs  Brook  reservoir.  No  person  other 
than  a  member  of  said  Cambridge  water  board,  its  officers,  agents  or 
employees,  or  public  oflScers  whose  duties  may  so  require,  shall,  unless  so 
permitted  by  regulation  or  permit  of  said  Board,  enter  or  go,  in  any  boat, 
skiff,  raft  or  other  contrivance,  on  or  upon  the  water  of  either  of  said 
reservoirs,  nor  shall  enter  or  go  upon,  or  drive  any  animal  upon,  the  ice  of 
said  waters. 

15.  No  person  shall  enter  upon  the  Stony  Brook  reservoir,  so  called, 
said  reservoir  being  in  the  town  of  Weston  and  the  city  of  Waltham,  and 
used  by  the  city  of  Cambridge  as  a  source  of  water  supply,  or  the  reser- 
voir known  as  the  Hobbs  Brook  reservoir,  for  the  purpose  of  cutting  or 
taking  ice,  or  cut  or  take  ice  from  either  of  said  reservoirs,  without  a  writ- 
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ten  permit,  signed  by  the  Cambridge  water  board,  stating  the  time  and  place 
for  which  such  permission  is  given. 

16.  All  reports  which  may  be  made  to  any  board  of  health,  or  to  any 
health  officer  of  any  city  or  town,  of  cases  of  contagious  or  infectious  dis- 
ease occurring  within  the  water- shed  of  Stony  Brook  reservoir,  so  called, 
said  reservoir  being  in  the  town  of  "Weston  and  the  city  of  Waltham,  and 
used  by  the  city  of  Cambridge  as  a  source  of  water  supply,  shall  be  open 
to  the  inspection,  at  all  reasonable  times,  of  the  Cambridge  water  board,  its 
officers  or  agents. 

By  order  of  the  Board,  Samuel  W.  Abbott, 

Secretary. 
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EXAMINATION  OF  VATEE  SUPPLIES. 


EXPLANATORY  NOTE. 

The  systematic  examination  of  tlie  water  supplies  of  Massachusetts  was  begun  by 
the  State  Board  of  Health  June  1,  1887,  and  has  been  continued  up  to  the  present 
time.  The  results  of  the  investigations  which  were  made  during  the  first  two  years 
were  published  In  the  special  report  of  the  Board  upon  the  Examination  of  Water 
Supplies  (1890),  and  the  results  of  examinations  made  in  succeeding  years  have 
been  published  in  the  annual  reports  of  the  Board  beginning  with  the  twenty-sec- 
ond annual  report  (1890). 

The  special  report  upon  the  Examination  of  Water  Supplies  contains  descriptions 
of  each  of  the  water  supplies  in  the  State  existing  at  the  date  of  that  report,  and  the 
results  of  chemical  and  microscopical  examinations  of  samples  of  water  collected 
from  the  principal  sources  of  supply.  The  annual  reports,  beginning  with  the  re- 
port for  the  year  1890,  contain  descriptions  of  all  new  works  and  the  important 
changes  in  existing  works,  together  with  the  results  of  the  chemical  and  microscopi- 
cal examinations  which  have  been  made  of  the  various  sources  of  supply , 

In  the  annual  report  for  the  year  1898  a  brief  description  of  the  sources  of  supply 
was  given  in  cases  where  a  knowledge  of  the  conditions  and  the  surroundings  of  the 
source  would  assist  materially  in  understanding  and  interpreting  the  analyses.  In 
the  present  report  the  descriptions  of  sources  of  supply  have  been  omitted  except 
in  a  few  cases  where  the  sources  are  new  and  have  not  previously  been  described. 

In  certain  cases,  where  a  number  of  samples  from  one  source  have  been  analyzed 
during  the  year,  and  the  results  of  the  various  analyses  show  no  marked  changes 
from  time  to  time,  the  results  of  the  analysis  of  each  individual  sample  have  been 
omitted  and  only  the  average  of  the  results  of  all  the  analyses  of  the  water  of  this 
source  made  during  the  year  are  given. 

The  average  analyses  of  former  years  are  generally  omitted,  except  those  of 
sources  in  which  there  has  been  some  very  marked  change  in  the  character  of  the 
water  during  the  period  covered  by  the  examinations. 

Microscopical  examinations  have  been  made  of  nearly  all  of  the  samples  from 
surface  water  sources  which  have  been  examined  chemically,  and  the  methods  em- 
ployed have  remained  unchanged.  The  results  of  these  examinations  have  been 
generally  omitted  in  this  report,  except  in  cases  where  certain  organisms  which  are 
known  to  have  given  trouble  in  water  supplies  by  causing  disagreeable  tastes  and 
odors  have  been  found  in  considerable  numbers. 

In  this  report,  as  in  former  reports,  an  alphabetical  arrangement  by  towns  has 
been  followed,  the  source  of  supply  being  tabulated  under  the  name  of  the  town 
supplied,  except  that  the  description  and  analyses  of  the  sources  used  for  the  supply 
of  the  Metropolitan  Water  District  are  placed  at  the  beginning.  Waters  not  used 
as  sources  of  supply  are  tabulated  under  the  name  of  the  towns  in  which  they  are 
situated.  The  analyses  of  samples  collected  from  rivers  not  used  directly  as  sources 
of  water  supply  are  given  in  a  subsequent  chapter  on  the  "  Examination  of  Rivers," 
and  the  results  are  tabulated  alphabetically  by  the  name  of  the  river. 
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The  method  of  making  the  chemical  examinations  has  not  been  changed  during 
the  past  year.  All  surface  waters  and  such  samples  of  ground  water  as  contain 
suspended  matter  are  filtered  through  filter-paper  before  determining  the  color,  the 
residue  on  evaporation,  the  albuminoid  ammonia  in  solution  and  the  oxygen  con- 
sumed. Some  ground  waters  which  are  perfectly  clear  and  colorless  when  drawn 
from  the  ground  become  turbid  and  colored  on  standing,  in  consequence  of  the  oxi- 
dation of  the  iron  which  they  contain.  In  these  waters  the  residue  on  evaporation 
is  determined  without  filtration,  "since  this  iron  is  an  essential  and  not  an  accidental 
ingredient  in  the  water.  In  the  changes  which  accompany  the  oxidation  of  the  iron 
in  waters  of  this  character,  they  become  first  cloudy  (well  described  by  the  word 
milky),  and  finally  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition 
they  have  a  distinct  color,  which,  while  it  does  not  have  the  same  significance  as  in 
the  case  of  surface  waters,  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 
interest,  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of  the 
iron  is  in  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water  may 
become  colorless  again.  In  some  cases,  however,  the  iron  occurs  in  combination 
with  organic  matter,  forming  a  much  more  stable  body.  In  such  cases  the  water  is 
of  a  brown  color  when  first  drawn  from  the  ground,  and,  while  the  iron  begins  to 
oxidize  soon  after  the  water  is  exposed  to  the  air,  the  process  goes  on  slowly,  and 
the  water  may  remain  colored  and  iron  continue  to  precipitate  for  a  long  time. 

The  color  of  the  water  is  expressed  by  numbers,  which  increase  with  the  amount 
of  color.  The  standards  used  are  natural  waters,  the  color  of  which  has  been  accu- 
rately determined  by  comparing  them  with  the  nesslerized  ammonia  standards  which 
were  described  on  page  531  of  the  special  report  upon  the  Examination  of  "Water 
Supplies  (1890),  and  on  page  329  of  the  annual  report  for  1892.  By  using  natural 
waters  as  standards  for  comparison,  the  apparent  rather  than  the  actual  color  is 
obtained,  as  a  natural  water  nearly  always  has  a  greater  or  less  turbidity,  which 
gives  the  water  the  appearance  of  having  a  greater  color  than  the  water  would  have 
if  there  were  no  turbidity. 

The  rainfall  during  the  year  1899  was  unusually  light,  especially  during  the  last 
nine  months  of  the  year,  in  consequence  of  which  the  fiow  of  streams  was  very 
small  and  many  storage  reservoirs  used  as  sources  of  water  supply  were  drawn  to  a 
low  level.  The  ground-water  level  was  also  much  lower  than  is  usual  during  an 
ordinary  year. 

Tables  showing  the  daily  rainfall  at  various  places  in  the  State,  the  average  rain- 
fall for  a  large  number  of  years  and  the  flow  of  some  of  the  streams  in  the  State, 
are  given  in  a  subsequent  chapter,  entitled  "Water  Supply  Statistics  and  Flow  of 
Streams." 
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Water  Supply  or  Metropolitan  Water  District. 
During  the  year  1899  water  was  supplied  from  the  Metropolitan 
Water  Works  to  the  followino;  cities  and  towns  :  — 


CITY  OR  TOWN. 


Population  in 
1895. 


Boston, 

Somerville, 

Chelsea, 

Maiden,* 

Arlington,* 

Quincy, 

Everett, 

Medford,* 

Melrose, 

Watertown, 

Revere,* 

Winthrop,* 

Belmont, 

Nahant,* 

Swampscott,* 


496,920 

62,200 

31,264 

29,708 

6,515 

20,712 

18,673 

14,474 

11,966 

7,788 

7,423 

4,192 

2,843 

866 

3,269 


Total  population  of  cities  and  towns  supplied, 


708,701 


*  Partially  supplied  from  local  sources. 

Water  from  the  Nashua  River  has  been  drawn  nearly  every  day 
in  the  year  through  the  Wachusett  Aqueduct  into  the  Sudbury 
Reservoir,  from  which  it  is  discharged  into  Framingham  Reservoir 
No.  3  and  thence  sent  to  Chestnut  Hill  Reservoir  and  supplied  to 
the  district.  After  June  16  water  was  also  drawn  from  Framing- 
ham  Reservoir  No.  2,  and  water  from  Lake  Cochituate  was  used 
from  July  28  to  November  6.  Spot  Pond  was  used  for  the  supply 
of  Melrose  from  the  beginning  of  the  year  until  April  24,  after 
which  its  use  was  discontinued. 

A  copy  of  the  rules  and  regulations  made  by  the  State  Board  of 
Health  for  the  sanitary  protection  of  the  waters  used  by  the  Metro- 
politan Water  Board  for  the  water  supply  of  the  district  may  be 
found  on  pages  110  to  116  of  this  volume. 
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METROPOLITAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from 

[Parts  per  100, 


the  Quinepoxet  Biver  in  Holden. 

000.] 
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1899. 

25849 

Jan.  4 

V.  slight. 

Cons. 

.36 

3.50 

1.40 

.0000 

.0160 

.0106 

.0054 

.20 

.0040 

.0000 

0.44 

0.5 

26138 

Feb.  6 

V.  slight. 

Slight. 

.29 

3.00 

1.00 

.0006 

.0122 

.0088 

.0034 

.20 

.0080 

.0001 

0.36 

0.6 

26382 

Mar,  3 

V.  slight. 

V.Blight. 

.31 

2.95 

1.20 

.0016 

.0188 

.0174 

.0014 

.17 

.0130 

.0001 

0.38 

0.5 

26678 

Apr.  5 

V.Blight. 

Slight. 

.28 

2.10 

0.95 

.0000 

.0170 

.0146 

.0024 

.12 

.0050 

.0000 

0.36 

0.2 

27016 

May  3 

V.  slight. 

Slight. 

.60 

3.10 

1.60 

.0016 

.0234 

.0174 

.0060 

.14 

.0030 

.0001 

0.68 

0.2 

27327 

June  5 

V.  slight. 

Blight. 

.48 

2.75 

1.50 

.0088 

.0260 

.0200 

.0060 

.15 

.0070 

.0000 

0.57 

0.2 

27716 

July  10 

Slight. 

Cons. 

.72 

3.95 

2.00 

.0016 

.0408 

.0322 

.0086 

.16 

.0060 

.0002 

1.05 

0.5 

27935 

July  31 

V.  Blight. 

Slight. 

.54 

3.75 

1.95 

.0076 

.0304 

.0256 

.0048 

.20 

.0030 

.0000 

0.64 

0.6 

28461 

Sept.  1 

Blight. 

Slight. 

.43 

4.50 

2.10 

.0086 

.0296 

.0270 

.0026 

.23 

.0000 

.0001 

0.57 

0.8 

28864 

Oct.  2 

Decided. 

Cons. 

.45 

4.75 

2.35 

.0024 

.0372 

.0266 

.0106 

.22 

.0000 

.0004 

0.60 

0.8 

29358 

Nov.  10 

Decided. 

Cons. 

.65 

4.90 

1.95 

.0002 

.0344 

.0274 

.0070 

.27 

.0040 

.0004 

0.88 

0.8 

29601 

Dec.  7 

Decided. 

Slight. 

.61 

4.55 

2.25 

.0002 

.0270 

.0194 

.0076 

.25 

.0020 

.0001 

0.65 

0.8 

Averages  by  Years. 


1892 

- 

1894 

- 

1895 

- 

1896 

- 

1897 

- 

1898 

- 

1899 

- 

.62 

3.70 

1.49 

.0014 

.0194 

.0158 

.0036 

.19 

.0088 

.0001 

- 

.61 

3.85 

1.47 

.0041 

.0214 

.0171 

.0043 

.29 

.0027 

.0001 

0.58 

.77 

4.47 

1.97 

.0020 

.0289 

.0239 

.0050 

.26 

.0090 

.0003 

0.78 

.64 

3.74 

1.67 

.0012 

.0250 

.0210 

.0040 

.19 

.0045 

.0000 

0.71 

•77 

3.88 

1.78 

.0032 

.0275 

.0232 

.0043 

.21 

.0055 

.0001 

0.73 

.62 

3.47 

1.55 

.0030 

.0248 

.0215 

.0033 

.21 

.0037 

.0001 

0.60 

.48 

3.65 

1.69 

.0028 

.0261 

.0206 

.0055 

.19 

.0046 

.0001 

0.60 

0.9 
0.7 
0.9 
0.4 
0.8 
0.8 
0.5 


Note  to  analyses  of  1899 :    Odor,   generally  faintly  vegetable,   occasionally  unpleasant,  becoming 

stronger  on  heating. The  samples  were  collected  from  the  river,  at  Smith's  Woolen  Mill  in  Holden 

and  1,000  feet  above  the  boundary  line  between  Holden  and  West  Boylston.  This  river  is  one  of  the 
principal  tributaries  of  the  South  Branch  of  the  Nashua  River  above  the  point  from  which  the  metro- 
politan water  supply  is  drawn. 
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METEOPOIilTAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from  Stillwater  River  in  Sterling. 

[Parts  per  100,000.] 
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03 
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1899. 

25850 

Jan.     4 

V.  Blight. 

V.  slight. 

.30 

2.75 

1.00 

.0004 

.0098 

.0094 

.0004 

.16 

.0020 

.0000 

.35 

0.5 

26139 

Feb.    6 

V.  slight. 

V.  slight. 

.20 

2.75 

1.25 

.0010 

.0116 

.0098 

.0018 

,15 

.0010 

.0001 

.32 

0.6 

26383 

Mar.    3 

V.  slight. 

V.  slight. 

.22 

2.65 

0.75 

.0012 

.0120 

.0110 

.0010 

.14 

.0090 

.0000 

.33 

0.5 

26679 

Apr.    5 

V.  slight. 

V.  slight. 

.21 

2.45 

0.90 

.0010 

.0146 

.0132 

.0014 

.13 

.0000 

.0000 

.32 

0.2 

27017 

May    8 

V.  slight. 

V.  slight. 

.52 

2.75 

1.25 

.0010 

.0184 

.0172 

.0012 

.16 

.0060 

.0001 

.57 

0.3 

27328 

June    5 

V.  slight. 

Slight. 

.35 

2.40 

1.25 

.0014 

.0196 

.0160 

.0036 

.11 

.0030 

.0000 

.51 

0.5 

27717 

July  10 

V.  slight. 

Slight. 

.50 

3.25 

1.50 

.0014 

.0238 

.0210 

.0028 

.12 

.0020 

.0001 

.67 

O.fr 

27936 

July  31 

V.  slight. 

Slight. 

.37 

3.50 

1.60 

.0032 

.0234 

.0176 

.0058 

.15 

.0040 

.0000 

.47 

0.6 

28462 

Sept.   1 

V.  slight. 

Slight. 

.31 

4.45 

1.60 

.0122 

.0220 

.0188 

.0032 

.20 

.0030 

.0001 

.43 

0.6 

28865 

Oct.     2 

Slight. 

Slight. 

.28 

3.90 

1.35 

.0006 

.0252 

.0238 

.0014 

.20 

.0010 

.0000 

.48 

0.6 

29359 

Nov.  10 

V.  slight. 

Slight. 

.30 

4.70 

1.55 

.0002 

.0184 

.0150 

.0034 

.29 

.0240 

.0000 

.40 

1.1 

29602 

Dec.    7 

V.  slight. 

V.  slight. 

.22 

3.35 

1.40 

.0000 

.0132 

.0116 

.0016 

.19 

.0050 

.0000 

.39 

0.8 

Averages  by  Years. 


1892 
1894 
1895 
1896 

1897 


- 

- 

.44 

3.38 

1.18 

.0001 

.0131 

.0109 

.0022 

.13 

.0072 

.0000 

- 

- 

- 

.45 

3.20 

1.14 

.0008 

.0137 

.0115 

.0022 

.18 

.0017 

.0000 

.44 

- 

- 

.52 

3.48 

1.45 

.0008 

.0179 

.0161 

.0018 

.19 

.0051 

.0000 

.58 

- 

- 

.50 

3.32 

1.35 

.0016 

.0229 

.0203 

.0026 

.16 

.0035 

.0000 

.62 

- 

- 

.66 

3.47 

1.58 

.0013 

.0199 

.0182 

.0017 

.17 

.0037 

.0000 

.67 

- 

- 

.51 

3.02 

1.31 

.0008 

.0158 

.0142 

.0016 

.16 

.0026 

.0001 

.50 

- 

- 

.31 

3.24 

1.28 

.0020 

.0177 

.0154 

.0023 

.17 

.0050 

.0000 

.44 

0.9 
0.8 
0.9 
0.7 
0.8 
0.8 
0.5 


Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  occasionally  unpleasant,  becoming 

stronger  on  heating. The  samples  were  collected  from  the  river,  at  a  highway  bridge  about  1  mile 

above  the  boundary  line  between  Sterling  and  West  Boylston.  The  river  is  one' of  the  principal  tribu- 
taries of  the  South  Branch  of  the  Nashua  River  above  the  point  from  which  the  Metropolitan  water 
supply  is  drawn. 
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METROPOLITAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from,  the  South  Branch  of  the  Nashua  River 

above  Clintoyi. 

[Parts  per  100,000.] 


.2 
"S 

1 
o 
a 

Appeakancb. 

Rksidue  on 
Evapora- 
tion. 

Ammonia. 

0 
0 

Nitrogen 

AS 

■a 

B 

c 

0 

c 

1 

X 

0 

2 
3 
5 

EH 

a 

03 

8 

■5 

0 

|| 
0 

Eh 

albuminoid.     I 

*»-i 

g 

■   n 
'A 

3 

0 

> 
0 

■a 

■§ 

,    B 

OB 

a 

25818 

1899. 

Jan.    2 

V.  ilight. 

V.  Blight. 

.33 

3.40 

1.25 

.0006 

.0160 

.0140 

.0020 

.24 

.0060 

.0002 

.42 

0.8 

26090 

Jan.  31 

V.  Blight. 

V.  slight. 

.22 

2.75 

1.10 

.0002 

.0104 

.0082 

.0022 

.13 

.0020 

.0001 

.36 

0.8 

26359 

Feb.  28 

Slight. 

Slight. 

.21 

2.90 

1.10 

.0014 

.0116 

.0092 

.0024 

.15 

.0100 

.0000 

.29 

0.6 

26635 

Apr.    3 

Slight. 

V.  slight. 

.20 

2.70 

1.15 

.0008 

.0158 

.0138 

.0020 

.14 

.0060 

.0000 

.32 

0.3 

26979 

May     1 

Slight. 

Slight. 

.34 

3.10 

1.15 

.0034 

.0196 

.0172 

.0024 

.16 

.0070 

.0000 

.42 

0.6 

27286 

May  31 

V.  Blight. 

Slight. 

.32 

3.05 

1.20 

.0036 

.0176 

.0152 

.0024 

.18 

.0050 

.0000 

.34 

1.0 

27657 

July    5 

Decided. 

Cons. 

.40 

3.60 

1.35 

.0014 

.0210 

.0186 

.0024 

.17 

.0030 

.0001 

.52 

1.1 

27937 

July  81 

V.  slight. 

V.  slight. 

.26 

4.25 

1.80 

.0012 

.0242 

.0206 

.0036 

.17 

.0050 

.0000 

.44 

1.4 

28423 

Aug.  31 

Slight. 

Cods. 

.30 

4.55 

1.80 

.0020 

.0196 

.0170 

.0026 

.21 

.0040 

.0001 

.45 

0.8 

28851 

Oct.     2 

Slight. 

Slight. 

.30 

4.85 

1.60 

.0016 

.0186 

.0162 

.0024 

.25 

.0040 

.0001 

.41 

0.8 

29202 

Oct.  31 

Slight. 

Slight. 

.31 

i.bb 

1.35 

.0026 

.0270 

.0246 

.0024 

.30 

.0050 

.0001 

.37 

1.3 

29524 

Nov.  28 

Decided. 

Slight. 

.40 

4.15 

1.25 

.0006 

.0252 

.0188 

.0064 

.26 

.0070 

.0001 

.43 

1.3 

Averages  by  Years. 


_ 

1894 

- 

- 

.44 

3.81 

1.27 

.0014 

.0154 

.0123 

.0031 

.25 

.0042 

.0000 

.42 

1.1 

- 

1895 

- 

- 

.46 

4.00 

1.44 

.0017 

.0226 

.0189 

.0087 

.26 

.0090 

.0000 

.53 

1.3 

- 

1896 

- 

- 

.43 

3.56 

1.37 

.0023 

.0199 

.0167 

.0032 

.18 

.0045 

.0000 

.49 

1.2 

- 

1897 

- 

- 

.47 

3.81 

1.39 

.0015 

.0177 

.0149 

.0028 

.21 

.0057 

.0000 

.47 

1.1 

- 

1898 

- 

- 

.49 

3.53 

1.54 

.0013 

.0178 

.0156 

.0022 

.20 

.0052 

.0000 

.51 

1.0 

- 

1899 

- 

- 

.30 

3.65 

1.34 

.0016 

.0189 

.0161 

.0028 

.20 

.0053 

.0001 

.40 

0.9 

Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  sometimes  unpleasant. The  samples 

were  collected  from  the  river,  at  the  place  where  water  is  diverted  for  use  in  supplying  the  Metropolitan 
Water  District. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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METROPOLITAN  "WATER  DISTRICT. 

Chemical  Examination  of  Water  from  Walker''s  Brook,  Marlborough. 

[Parts  per  100,000.] 


c 
.2 

u 

B 

3 
!2i 

a 

o 

■S 
a 

25811 

1899. 

Jan.  2 

26075 

Jan.  31 

26363 

Feb.  28 

26650 

Apr.  3 

26985 

May  1 

27298 

May  31 

27661 

July  5 

27942 

July  31 

28422 

Aug.  31 

28851 

Oct.  2 

29188 

Oct.  31 

29510 

Nov.  28 

Appbakance. 


Decided. 
Decided. 
Decided. 
Decided. 
V.  sliglit. 
Decided. 
Decided. 
Decided. 
Decided. 
Decided. 
Decided. 
Decided. 


Cona. 

Slight. 

Slight. 

v.  slight. 

v.  slight 

Cons. 

Cons. 

Cons, 

Cons. 

Heavy. 

Cons. 

Slight. 


resid0b  on 
Evapora- 
tion. 


13.35 
13.20 
7.55 
9.75 
11.85 
14.00 
16.95 
16.85 
18.15 
17.75 
19.65 
19.40 


4.00 
4.50 
2.40 
3.20 
3.50 
4.20 
3.20 
4.00 
4.85 
3.25 
4.20 
4.95 


ALBUMINOID. 


.0664 

,1132 
,0796 
,0792 
1160 
0616 
0072 
0924 
0060 
0920 
0128 
1360 


.0240 
.0144 
.0388 
.0248 
.0320 
.0440 
.0828 
.0700 
.0976 
.0710 
.0880 
.0345 


.0160 
.0104 
,0308 
,0188 
,0280 
,0284 
,0428 
0528 
0520 
0450 
0410 
0295 


CO 


.0080 
.0040 
.0080 
.0060 
.0040 
.0156 
.0400 
.0172 
.0456 
.0260 
.0470 
.0050 


1.43 
1.46 
0.75 
0.88 
1.28 
1.62 
2.16 
1.70 
2.11 
2.50 
3.32 
2.38 


.2680 
.2500 
.0600 
.1500 
.2550 
.2000 
.0270 
.0300 
.0620 
.0520 
,0320 
,1120 


.0017 
.0021 
.0018 
.0014 
.0032 
.0090 
.0068 
.0048 
.0100 
.0060 
.0050 
.0040 


a 


4.4 
4.6 
2.5 
3.1 
4.0 
4.6 
5.9 
4.6 
4.9 
6.0 
6.3 
6.7 


Averages  by  Years. 


1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


- 

.49 

16.84 

4.35 

.0307 

.0274 

.0225 

.0048 

2.58 

.2975 

.0037 

- 

- 

.38 

14.05 

3.94 

.0337 

.0257 

.0180 

.0077 

1.96 

.1878 

.0020 

.39 

- 

.46 

14.14 

3.62 

.0371 

.0217 

.0171 

.0046 

2.08 

.1888 

.0018 

.47 

- 

.57 

14.71 

3.79 

.0292 

.0256 

.0214 

.0042 

2.04 

.1768 

.0035 

.58 

- 

.63 

14.58 

3.97 

.0435 

.0290 

.0236 

.0054 

1.99 

.1576 

.0043 

.68 

- 

.72 

14.70 

4.20 

.0679 

.0268 

.0245 

.0023 

2.01 

.1544 

.0065 

.68 

- 

.58 

14.53 

4.43 

.0569 

.0230 

.0206 

.0024 

1.71 

.2068 

.0046 

.56 

- 

.50 

14.87 

3.85 

.0719 

.0518 

.0330 

.0188 

1.80 

.1248 

.0046 

.62 

5.7 
5.2 
4.9 
5.1 
5.0 
5.6 
5.1 
4.8 


Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable  and  unpleasant,  sometimes  musty,  be- 
coming stronger  on  heating. The  samples  were  collected  from  the  brook  at  the  first  road  bridge  below 

Maple  Street,  about  1  mile  south  of  the  centre  of  the  city  of  Marlborough.    This  brook  is  one  of  the 
tributaries  of  Stony  Brook  above  the  Sudbury  Reservoir. 
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METROPOIilTAlSr  WATER 

Chemical  Examination  oj 


DISTRICT. 

Water  from  Sudbury  Reservoir ^  collected  near  the 
Surface. 

[Parts  per  100,000.] 


o 

o 

Kesidue  on 

EVAPOKA- 
TION. 

Ammonia. 

a 

o 

6 

Nitrogen  as 

•a 

a 

a 

a 
o 
O 

a 
1 

o 

H 

c 
o 

§1 

3 

ALBUMINOID. 

1 
S 

1 

i 

O 

o 

Q 

i 

o 
5 

•o 

3  P. 

0) 

1 

1899. 

January, 

.35 

3.54 

1.31 

.0006 

.0118 

.0107 

.0011 

.20 

.0140 

.0000 

.43 

1.1 

February, 

.26 

3.42 

1.24 

.0021 

.0115 

.0093 

,0022 

.18 

.0082 

.0001 

.38 

0.9 

March,    . 

.24 

3,12 

1.17 

.0042 

.0123 

.0103 

,0020 

.15 

.0100 

.0001 

.33 

0.7 

April, 

.24 

3.30 

1.17 

.0035 

.0121 

.0108 

.0013 

.18 

.0142 

.0001 

.33 

0.7 

May, 

.21 

3.00 

1.02 

.0012 

.0144 

.0126 

.0018 

.17 

.0112 

,0001 

.31 

0.7 

June, 

.19 

3.31 

1.16 

.0006 

.0154 

.0122 

.0032 

.20 

.0050 

.0001 

.32 

0.8 

July, 

.12 

3.19 

0.98 

.0004 

.0163 

.0142 

.0021 

.19 

.0020 

.0001 

.33 

1.0 

August,  . 

.10 

3.19 

1.00 

.0002 

.0149 

.0133 

.0016 

.20 

.0017 

,0000 

.33 

0.9 

September,     . 

.12 

3.30 

1.13 

.0011 

.0168 

.0145 

,0023 

.21 

.0013 

,0000 

.29 

0.9 

October, . 

.10 

3.34 

1.10 

.0016 

.0166 

.0153 

.0013 

.23 

.0020 

.0000 

.28 

1,0 

November,      . 

.13 

3.34 

1.05 

.0022 

.0156 

.0137 

.0019 

.24 

.0020 

,0000 

,27 

1.1 

December, 

.21 

4.05 

1.34 

.0025 

.0158 

.0145 

.0013 

.25 

.0042 

,0001 

,32 

1.2 

Average,  . 

.19 

3.34 

M. 

.0017 

.0145 

.0126 

.0019 

.20 

.0063 

.0001 

.33 

0.9 

Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the  odor  of  all  of  the  samples  be- 
came vegetable  and  sometimes  unpleasant. Each  analysis  is  the  average  of  analyses  of  samples 

collected  weekly  from  the  reservoir,  near  the  gate-house,  at  a  depth  of  1  foot  beneath  the  surface.    For 
monthly  record  of  height  of  water  in  this  reservoir,  see  table  on  page  152. 


Microscopical  Examination  oj  Water  from  Sudbury  Reservoir,  collected  near  the 

Surface* 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July.  Aug. 

Sept. 

Oct. 

Nov. 

Dec, 

PLANTS. 

Diatomacese 

27 

6 

8 

86 

151 

962 

1,494 

478 

346 

199 

202 

65 

Asterionella 

Oyclotella 

Synedra 

Tabellarla 

18 

2 
1 
0 

4 
0 
1 
0 

6 
0 
2 
0 

61 

1 

12 

8 

34 

3 

70 

43 

261 

79 

156 

459 

219 
506 
42 
703 

97 

70 

30 

263 

123 
20 
30 

141 

81 
46 
14 
38 

140 
41 

4 
8 

34 

19 

4 

6 

Oyanophycese,   .... 

0 

0 

0 

0 

3 

25 

5 

34 

37 

8 

3 

0 

Anabsena 

0 

0 

0 

0 

3 

25 

4 

26 

36 

8 

3 

0 

AlgSB, 

5 

0 

0 

1 

13 

108 

18 

19 

79 

26 

8 

5 

ProtococcuB,         .... 

0 

0 

0 

0 

9 

98 

12 

3 

43 

16 

2 

4 

*  The  figures  given  in  this  table  are  averages  of  weekly  examinations. 
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METROPOIilTAN  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  Sudbury  Reservoir,  collected  near  the 

Surface  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.   Feb.    Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oct.    Nov.  Dec. 


ANIMALS. 
Bhizopoda,    . 

Infusoria, 

Dinobryon,  . 
Monas,  . 
Peridinium,  . 

Vermes,  . 

Crustacea,    . 


Bosmina, 
Canthocamptus, 
Cyclops, 
Daphnia, 


808 
4 

800 
1 


128 

114 
2 
1 


pr. 
0 
0 

pr. 

pr. 


0 

0 

pr 

pr. 


0 

0 

pr. 


pr. 


pr. 


Miscellaneous,  Zobglcea, 


Total, 


824 


231 


1,134 


1,534 


227 


Chemical  Examination  of  Water  from  Sudbury  Reservoir,  collected  about  Midway 
between  the  Surface  and  Bottom,. 

[Parts  per  100,000.] 


Residue  on 

s 

Evapora- 

Ammonia. 

Nitrogen  as 

tion. 

a 

3 

a 

a 

o 

ALBUMINOID. 

o 

'O 

•3 

So 

a 

o 

o 

S 

1 

> 
o 

■a 
1  c 
S  Q. 

c 

•a 

o 

g 

IZ 

to 

1     ' 

03 

u 

EH 

^J 

fc. 

H 

O 

02 

O 

f^ 

!Zi 

o 

m 

1899. 

January, 

.42 

5.29 

1.81 

.0053 

.0145 

.0138 

.0007 

.31 

.0244 

.0001 

.49 

1.9 

February, 

.30 

4.22 

1.66 

.0050 

.0111 

.0099 

.0012 

.26 

.0167 

.0002 

.42 

0.5 

March,     , 

.27 

3.89 

1.29 

.0085 

.0117 

.0106 

.0011 

.24 

.0190 

.0002 

.36 

1.1 

April,      . 

.25 

3.80 

1.36 

.0071 

.0114 

.0106 

.0008 

.25 

.0207 

.0001 

.33 

0.9 

May,        .        . 

.21 

3.17 

1.16 

.0024 

.0130 

.0118 

.0012 

.19 

.0140 

.0001 

.32 

0.8 

June, 

.19 

3.36 

1.20 

.0039 

.0130 

.0107 

.0023 

.19 

.0045 

.0001 

.32 

0.7 

July, 

.12 

3.14 

1.00 

.0018 

.0148 

.0129 

.0019 

.19 

.0022 

.0000 

.31 

0.9 

August,  . 

.10 

3.37 

1.06 

.0010 

.0141 

.0129 

.0012 

.20 

.0012 

.0000 

.32 

0.9 

September,     . 

.12 

3.05 

1.17 

.0011 

.0160 

.0143 

.0017 

.21 

.0003 

.0000 

.29 

1.0 

October, . 

.10 

3.36 

1.18 

.0026 

.0159 

.0144 

.0015 

.23 

.0024 

.0000 

.28 

1.1 

November, 

.13 

3.45 

1.11 

.0024 

.0159 

.0140 

.0019 

.23 

.0022 

.0000 

.26 

1.1 

December, 

.21 

4.15 

1.32 

.0027 

.0152 

.0140 

.0012 

.25 

.0037 

.0001 

.32 

1.3 

Average,  . 

.20 

3.69 

1.28 

.0036 

.0139 

.0125 

.0014 

.23 

.0093 

.0001 

.33 

1.1 

Odor,  faintly  vegetable  or  none.    A  faintly  vegetable  odor  was  developed  in  all  of  the  samples  on 

heating. Each  analysis  is  the  average  of  analyses  of  samples  collected  weekly  from  the  reservoir, 

near  the  gate-house,  at  depths  ranging  from  22  to  27  feet  beneath  the  surface.    For  monthly  record  of 
height  of  water  in  this  reservoir,  see  table  on  page  152. 
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METROPOLITAN  ^VATER  DISTRICT. 

Microscopical  Examination  of  Water  from   Sudbury  Reservoir,  collected  about 
Midway  between  the  Surface  and  Bottom* 

[Number  of  orgaDisms  per  cubic  centimeter.] 


Jan. 

Feb. 

Mar. 

18 

8 

5 

6 

4 

4 

8 

1 

0 

3 

2 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

' 

Apr. 


May. 


July.  Aug. 


Sept. 


PLANTS. 
Dlatomacese, 


Asterionella, 
Cyclotella,    . 
Synedra, 
Tabellaria,    . 


CyanophycesB, 

Anabsena, 


Alg8B, 


27 


493 


201 
32 


1,Q78 

286 

229 

14 

538 


260 


36 
22 


ANIMALS. 
Rhizopoda,    . 


Infusoria, 
Dlnobryon, 


Vermes, 


Crustacea, 

Boemina, 

Cyclops, 
Daphnella, 


pr. 


pr. 


pr, 


pr 


pr. 


pr. 


pr. 


pr. 


Miseellaneoui,  Zobgloea,   . 


6        8 


Total, 


23       18       15       63     150       534    1,099   522     326 


97 


*  The  figures  given  in  this  table  are  averages  of  weekly  examinationa. 
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METROPOLITAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from  Sudbury  Reservoir,  collected  near  the 

Bottom. 

[Parts  per  100,000.] 


c 
o 

Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

NiTHOGEN  AS 

•a 

1 

s 

Si 

u 

■3 
0 

H 

_S 
0 

Ut 

ALBUMINOID.               | 

0 

1 

OS 

2 

c 
0 
0 
a 

1 

o 
S. 

03 

Q 

"3 

■a 
a 

> 
0 

(5 

1  c 
CO 

Q 

w 

1899. 

January, 

.42 

5.74 

1.92 

.0064 

.0143 

.0138 

.0005 

.37 

.0340 

.0002 

.50 

2.2 

February, 

.31 

5.05 

1.70 

.0069 

.0119 

.0109 

.0010 

.32 

.0200 

.0002 

.42 

1.7 

March,    . 

.27 

4.14 

1.40 

.0079 

.0116 

.0103 

.0013 

.36 

.0182 

.0002 

.37 

1.3 

April, 

.24 

3.97 

1.47 

.0065 

.0110 

.0105 

.0005 

.24 

.0207 

.0001 

.33 

0.9 

May, 

.20 

3.27 

1.11 

.0036 

.0114 

.0100 

.0014 

.19 

.0158 

.0001 

.31 

0.6 

June, 

.19 

3.22 

1.16 

.0052 

.0108 

.0095 

.0013 

.19 

.0130 

.0001 

.31 

0.8 

July,        ,        . 

.13 

3.22 

1.08 

.0055 

.0138 

.0127 

.0011 

.19 

.0022 

.0001 

.32 

0.9 

August,  , 

.11 

3.31 

1.06 

.0033 

.0137 

.0125 

.0012 

.20 

.0015 

.0000 

.33 

.09 

September,     . 

.13 

3.23 

1.25 

.0020 

.0174 

.0154 

.0020 

.21 

.0006 

.0000 

.28 

1.0 

October, . 

.11 

3.36 

1.06 

.0028 

.0158 

.0143 

.0016 

.23 

.0022 

.0001 

.27 

1.1 

November, 

.12 

3.40 

1.12 

.0026 

.0150 

.0138 

.0012 

.23 

.0027 

.0000 

.26 

1.1 

December, 

.24 

4.07 

1.37 

.0027 

.0147 

.0137 

.0010 

.26 

.0040 

.0001 

.32 

1.3 

Average,  . 

.21 

3.83 

1.31 

.0046 

.0184 

.0123 

.0011 

.24 

.0112 

.0001 

.33 

1.1 

Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the  odor  of  all  the  samples  was 

vegetable  and  sometimes  also  grassy. Each  analysis  is  the  average  of  analyses  of  samples  collected 

weekly  from  the  reservoir,  near  the  gate-house.    For  monthly  record  of  height  of  water  in  this  reser» 
voir,  see  table  on  page  152. 

Microscopical  Examination  of  Water  from  Sudbury  Reservoir,  collected  near  the 

Bottom* 


[Number  of  organisms  per  cubic  centimeter.] 


Jan.   Feb.    Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oct.    Nov.  I  Dec 


PLANTS. 
Diatomaceee, 

Asterionella, 
Cyclotella,  . 
Tabellaria,    . 

Cyanophyceee,   . 

Anabsena,     .        . 

Algee, 


28 


129 

46 

5 

57 


696 

229 
128 
306 


295 

50 

17 

177 


The  figures  given  in  this  table  are  averages  of  weekly  examinations. 
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METROPOLITAN  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  Sudbury  Reservoir,  collected  near  the 

Bottom —  Concluded. 

[Number  of  orgaDistns  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 
Rhizopoda 

Infusoria 

Dinobryon, 

Vermes 

Crustacea, 

CyclopB 

Daplinia 

0 

0 
0 

0 

pr. 

0 

1 
0 

0 

0 
0 
0 

0 

1 

1 

0 

0 

0 
0 

0 

18 
14 

0 

pr. 

''6 

0 

2 

0 

0 

pr. 

pr. 
0 

0 

3 
2 

0 

pr. 

'I 

0 

2 

1 

0 

pr, 

pr. 

0 

0 

10 

7 

0 

pr. 
pr. 
pr. 

1 

12 
10 

1 

pr. 
pr. 
pr. 

0 

7 
2 

0 

pr. 

pr. 

0 

0 

8 

7 

0 

pr. 

pr. 

0 

0 

3 
2 

0 

pr. 

Miscellaneous,  Zooglcea,   . 

5 

7 

8 

10 

10 

6 

10 

14 

g 

11 

7 

4 

Total 

16 

21 

12 

56 

60 

151 

709 

340 

276 

229 

165 

69 

Chemical  Examinatioji  of  Water  from  Framingham  Reservoir  No.  3,  Framingham. 

[Parts  per  100,000.] 


c 
o 

o 
O 

O 

03 
O 

Appearance. 

Residue  on 
Evapora- 
tion. 

Amhonia. 

i 

Nitrogen 
as 

•a 

a 

s 

1 
1 

'i 

3 

in 

i 

u 
o 

o 

"3 
o 

O 

Is 
3 

albuminoid. 

1 

S 

1 

3 

o 

■a 
> 
o 

3 

•6 

■a 
,  c 
w  a> 

3  P. 
CO 

a 

1S99. 

25822 

Jan.     2 

Slight. 

Slight. 

.50 

5.05 

1.40 

.0036 

.0144 

.0124 

.0020 

.29 

.0180 

.0002 

.51 

1.8 

26082 

Jan,  31 

Slight. 

V.  slight. 

.33 

4.40 

1.70 

.0014 

.0124 

.0112 

.0012 

.22 

.0220 

.0001 

.46 

1.6 

26348 

Feb.  28 

V.  slight. 

V.  slight. 

.32 

4.15 

1.40 

.0040 

.0120 

.0110 

.0010 

.25 

.0140 

.0002 

.44 

1.4 

26638 

Apr.    3 

V.  slight. 

V.  slight. 

.25 

3.05 

1.35 

.0026 

.0116 

.0100 

.0016 

.18 

.0120 

.0001 

.36 

0.5 

26971 

May    1 

V.  slight. 

Slight. 

.22 

3.10 

1.15 

.0004 

.0146 

.0116 

.0030 

.22 

.0100 

.0001 

.30 

0.6 

27277 

May  31 

Slight. 

Slight. 

.21 

2.90 

1.30 

.0014 

.0148 

.0124 

.0024 

.19 

.0090 

.0001 

.30 

0.6 

27647 

July    5 

V.  slight. 

Slight. 

.19 

3.15 

1.00 

.0000 

.0152 

.0128 

.0024 

.19 

.0020 

.0001 

.32 

1.3 

27925 

July  31 

V.  Blight. 

Slight. 

.12 

3.55 

1.20 

.0000 

.0182 

.0148 

.0034 

.20 

.0010 

.0000 

.34 

1.0 

28408 

Aug. 31 

V.  slight 

V.  slight. 

.15 

3.55 

1.40 

.0002 

.0168 

.0142 

.0026 

.20 

.0010 

.0000 

.30 

1.0 

28836 

Oct.     2 

Slight. 

Slight. 

.10 

3.25 

1.05 

.0004 

.0206 

.0184 

.0022 

.22 

.0020 

.0000 

.31 

0.8 

29194 

Oct.  31 

V.  slight. 

V.  slight. 

.11 

3.85 

1.10 

.0014 

.0170 

.0152 

.0018 

.24 

.0050 

.0001 

.28 

1.0 

29515 

Nov.  28 

V.  slight. 

Slight. 

.11 

3.55 

1.35 

.0028 

.0152 
.0152 

.0138 

.0014 

.22 
.22 

.0030 

.0001 

.26 
.35 

1.1 

Av... 

.22 

3.59 

1.28 

.0015 

.0131 

.0021 

.0082 

.0001 

1.1 

Odor,   generally  faintly  vegetable,  occasionally  none. The  samples   were   collected  from  the 

TCBervoir  near  the  gate-house,  at  a  depth  of  8  feet  beneath  the  surface.    For  monthly  record  of  height  of 
water  in  this  reservoir,  see  table  on  page  152. 
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METROPOLITAlSr  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  Framingham  Reservoir  No.  3, 

Framingham. 

[Number  of  organiemB  per  cubic  centimeter.] 


Apr. 


May. 


June.  July, 


July. 


Aug. 


Day  of  examination, 
Number  of  sample, 


3 
25822 


1 

26082 


1 

26348 


4 
26638 


2 
26971 


1 

27277 


27647 


31 
27925 


31       2 
28408  28836 


1 

29194 


29 
29516 


PLANTS. 
Diatoraacese, 

Asterionella, 
Cyclotella,    . 
Melosira, 
Synedra, 
Tabellaria,    . 

CyanophyceEe,   . 

Anabaena, 

AlgSB, 

ProtococcuB, 

ANIMALS, 
Infusoria, 

Dinobryon,  . 
Epistylis, 

Vermes,  . 

Crustacea,    . 

Bosmina, 
Cyclops, 
Daphnia, 

Miscellaneoms,  Zobglcea, 

Total,  . 


228 


36 


488 

108 

102 

0 

12 

266 


686 

56 

120 

46 

12 

452 


250 


28 


23       40 


71 


742     326 


313 


113 
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MBTROPOI.ITAN  TVATER  DISTRICT. 

Chemical  Examination  of  Water  from  Indian  Brook  at  Head  of  Hopkinton 

Reservoir. 

[Parts  per  100,000.] 




a 
o 

Appearance. 

EVAPORA- 
TIOH.           1 

Ammonia. 

Nitrogen 

AS 

a 

3 

o 

>. 

^ 

i 

ALBDMINOID. 

13 

"6 

s 

"S 

•o 

0) 

o& 

> 

c 

2 

s 

a 

x: 

o 

a 

6 

s 

o 

1    c 

o 

S 

5 

■a 

3  P. 

J3 

'A         a 

H 

CO 

O 

H 

kJ 

f^ 

H 

O 

00 

O 

25 

S 

o 

H 

1899. 

25826 

Jan.     2 

None. 

V.  slight. 

0.73 

4.35 

2.10 

.0002 

.0164 

.0158 

.0006 

.54 

.0120 

.0001 

0.96 

1.0 

26086 

Jan.  31 

None. 

V.  slight. 

0.71 

4.35 

2.10 

.0000 

.0154 

.0148 

.0006 

.34 

.0020 

.0000 

0.82 

1.0 

26353 

Feb.  28 

V.  Blight. 

V.  slight. 

0.41 

4.00 

1.65 

.0012 

.0144 

.0126 

.0018 

'.37 

.0110 

.0002 

0.51 

1.1 

26642 

Apr.    3 

1  V.  Blight. 

V.  slight  :o.40 

3.00 

1.65 

.0006 

.0148 

.0142 

.0006 

.25 

.0050 

.0000 

0.54 

0.4 

26975 

May     1 

i  V.  slight. 

V.  Blight  11.50 

4.50 

2.65 

.0008 

.0314 

.0300 

.0014 

.26 

.0040 

.0000 

1.44 

0.8 

27281 

May  31 

Blight. 

Slight. 

1.18 

]  4.65 

2.65 

.0052 

.0368 

.0327 

.0041 

.31 

.0060 

.0000 

1.36 

1.1 

27651 

July    5 

1  Slight. 

Cons. 

0.84 

1  5.35 

2.50 

.0198 

.0414 

.0330 

.0084 

.33 

.0050 

.0004 

1.02 

1.7 

27931 

July  31 

!  Slight. 

Slight 

0.68 

1  5.20 

2.15 

.0044 

.0364 

.0332 

.0032 

.45 

.0030 

.0001 

0.75 

1.3 

28412 

Aug.  31 

'  Slight 

V.  slight.  0.50 

!  4.40 

2.15 

.0010 

.0388 

.0350 

.0038 

.32 

.0010 

.0000 

0.76 

0.8 

28840 

Oct.     2 

V.  Blight. 

V.  slight.  0.60,,  7.25 

2.50 

.0006 

.03341. 0316. 0018:  .87 

.0010 

.0000 

1.02 

1.8 

29236 

Nov.    4 

V.  Blight. 

V.  slight.  1.00';10.90 

3.80 

.0008 

.0516,. 0458, .0058|;. 65 

.0060 

.0000 

1.52 

3.1 

29519 

Nov.  28 

V.  slight. 

V.  slight.  0.90 

8.70 

3.45 

.0014 

.0316 
.0302 

.0304 

.0012 

.54 
.44 

.0020 

.0000 

1.2fa 
1.00 

2.3 

Av... 

0.79 

6.55 

2.45 

.0030 

.0274 

.0028 

.0048 

.0001 

1.4 

Odor,  generally  faintly  vegetable,  becoming  stronger  and  occasionally  unpleasant  on  heating. 

The  samples  were  collected  from  the  brook  at  its  entrance  to  Hopkinton  Reservoir. 

Chemical  Examinatio7i  of  Water  from  Hoj^kinton  Reservoir,  collected  near  the 

Surface. 

[Parts  per  100,000.] 


1 

RESID0E  ON 

1 

1 
o 

Appearance. 

Evapora- 
tion. 

Ammonia. 

6 

Nitrogen 

as 

1 

c 
0 

0 

c 

>> 

^ 

c 

albuminoid. 

. 

^ 

> 
0 

■d 

s 

.o 

s 

3 

o 

a 

§ 

S 
•5 

o 

"5 

o 

i 

"3 
0 

r3 

1  g 
3  o- 

03 

^ 

Si 

a 
•a 
hi 

d 

!zi 

Q 

H 

re 

O 

H 

^ 

H 

(5 

CO 

0 

^                      ^ 

0 

R 

1899. 

25827 

Jan.     2 

V.  Blight. 

v.  slight. 

..56 

3.90 

2.10 

.0010 

.0181 

.0152  .0029 

.37 

.0060 

.0000 

.70 

0.8 

26087 

Jan.  31 

Slight. 

Slight. 

.59 

4.10 

1.75 

.0004 

.0202 

.0174  .0028 

.36 

.0060 

.0001 

.72 

1.0 

26354 

Feb.  28 

V.  slight. 

Slight. 

.50 

4.25 

2.00 

.0010  .0162 

.0152  .0010 

.33 

.0080 

.0001 

.63 

1.4 

26643 

Apr.    3 

V.  slight 

V.  slight. 

.49 

4.50 

2.10 

.0022  .0172 

.0152  .0020 

.32 

.0060 

.0000 

.63 

1.0 

26976 

May     1 

V.  slight. 

V.  slight. 

.40 

2.80 

1.40 

.0016.0176 

.0156!. 0020 

.26 

.0040 

.0000 

.50 

0.3 

27282 

May  31 

V.  slight. 

V.  slight. 

.40 

2.75 

1.60 

.0018  .0164 

.01521.0012 

.26 

.0050 

.0001 

.49 

0.5 

27652 

July     5 

V.  Blight. 

Slight. 

.30 

2.90 

1.35 

.0010  .0160 

.0146;. 0014 

.25 

.0020 

.0001 

.45 

1.1 

27932 

July  31 

V.  slight 

V.  slight. 

.22 

3.05 

1.25 

.0006  .0208 

.0192:. 0016 

.23 

.0030 

.0000 

.45 

0.5 

28413 

Aug.  31 

V.  slight. 

V.  Blight. 

.20 

3.35 

1.70 

.0006  .0180!. 01661. 00141^25 

.0020 

.0000 

.40 

0.8 

28841 

Oct.     2 

V.  slight. 

V.  slight. 

.20 

2.65 

1.00 

.0004  .OlSO'. 0162. 00181  .26 

.0010 

.0000 

.38 

0.6 

29198 

Oct.   31 

V.  slight. 

V.  slight. 

.20 

2.70 

1.15 

.0016  .0164:. 0156,. OOO81  .26 

.0050 

.0000 

.35 

O.b 

29520 

Nov.  28 

V.  slight 

Slight. 

.25 

2.80 

1.25 

.0008  .0182!  0152  ,00301  .25 

1           1           1 

.0010 

.0001 

.34 

0.8 

Averages  by 

Years. 

1894 

_ 

_ 

.79 

3.93 

1.59 

.0013 

.0191  .0166  .0025 

.40 

.0040 

.0001 

.75 

1.2 

_ 

1895 

_ 

_ 

.73 

4.15 

1.86 

.0017 

.0239  .0210  .0029 

.40 

.0048 

.0000 

.76 

1.3 

_ 

1896 

_ 

_ 

.64 

3.86 

1.74 

.0017 

.0208  .0175  .0033 

.32 

.0040 

.0001 

.71 

0.9 

_ 

1897 

_ 

_ 

.76 

4.18 

1.85 

.0019 

.0221. 0198  .0023 

.37 

.0059 

.0001 

.75 

1.1 

_ 

1898 

_ 

_ 

.62 

3.71 

1.80 

.0016 

.02041.0183  .0021 

.35 

.0030 

.0000 

1.69 

1.1 

- 

1899 

- 

- 

.36 

3.31 

1.65 

.0011 

.0178  .0160  .0018 

.28 

.0041 

.0000 

.50 

0.8 

Note  to  analyses  of  1899:  Odor,  generally  faintly  vegetable. The  samples  were  collected  from 

the  reservoir,  near  the  dam.    For  monthly  record  of  height  of  water  in  this  reservoir,  see  table  on 
page  152. 
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Microscopical  Examination  of  Water  from  Eopkinton  Reservoir,  collected  near 

the  Surface. 

[Number  of  organisms  per  cubic  centimeter.] 


1S99. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Aug, 

Oct. 

Nov 

Nov. 

Day  of  examination 

3 

1 

1 

4 

2 

1 

6 

1 

31 

3 

1 

29 

Number  of  sample 

25827 

26087 

26354 

26643 

26976 

27282 

27652 

2793228413 

28841 

29198 

29520 

PLANTS. 

DiatomacesB 

27 

19 

2 

3 

80 

104 

80 

63 

224 

180 

87 

160 

Asterionella 

Cyclotella 

4 
5 

8 
1 

0 

2 

0 

1 

16 

4 

0 

82 

2 
74 

0 

48 

42 

158 

158 

18 

39 
5 

130 
9 

CyanophycesB,   .... 

2 

0 

1 

1 

0 

16 

24 

27 

12 

11 

1 

0 

Microcystis,          .... 

0 

0 

0 

0 

0 

0 

6 

13 

0 

0 

0 

0 

Algse, 

0 

1 

0 

0 

2 

16 

32 

11 

16 

14 

9 

4 

ANIMALS. 

Infusoria 

0 

47 

0 

0 

111 

40 

10 

2 

2 

42 

13 

38 

Ciliated  infusorian, 

Dinobryon 

Mallomonas,          .... 

Monas 

Peridinium 

0 
0 
0 
0 
0 

0 
45 
0 
0 
2 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

108 
0 
0 
2 

0 
36 
0 
0 
0 

0 
8 
2 
0 
0 

0 
1 
1 
0 
0 

0 
0 

1 

0 

1 

10 
2 

10 
2 

14 

0 
0 
0 
10 

1 

0 
34 
0 
0 
0 

Vermes 

1 

1 

2 

5 

5 

2 

0 

1 

0 

0 

0 

0 

Crustacea, 

pr. 

0 

0 

pr. 

pr. 

0 

pr. 

pr. 

0 

0 

0 

0 

Bosmina 

Cyclops, 

0 
pr. 

0 
0 

0 
0 

0 
pr. 

0 
pr. 

0 

0 

pr. 

0 

0 
pr. 

0 
0 

0 
0 

0 
0 

0 
0 

Miscellaneous,  ZooglcEa,    . 

3 

3 

3 

3 

8 

5 

5 

7 

3 

8 

5 

5 

Total, 

33 

71 

8 

12 

206 

183 

151 

111 

257 

255 

115 

207 

Chemical  Exar)iination  of  Water  from,  Hophinton  Reservoir,  collected  near  the 

Bottom. 

[Parts  per  100,000.] 


Residue  on 

c 

Appearance. 

EVAPOBA- 

Ammonia. 

Nitrogen 

fe 

g 

TION. 

y 

3 

a 

A 

ALBUMINOID. 

^ 

U 

>-. 

:3 

■6 

■d 

<a 

o 

SO 

a 

o 

■a 

9 

a 

■3 

3 

"3 

Is 

i 

S 

> 

o 

1  c 
3  <=• 

a 
o 

rt 

s 

1 

1 

Izi 

Q 

Eh 

cc 

O 

H 

J 

fe 

H 

Q 

05 

O 

z 

IZ! 

o 

K 

1899. 

25828 

Jan.     2 

Slight. 

Heavy. 

.56 

3.60 

2.00 

.0010 

.0216 

.0154 

.0062 

.34 

.0030 

.0000 

.71 

0.8 

26088 

Jan.  31 

V.  slight. 

V.  slight. 

.59 

3.85 

1.70 

.0030 

.0176 

.0156 

.0020 

.34 

.0060 

.0000 

.71 

1.0 

26355 

Feb.  28 

Slight. 

Cons. 

.51 

3.75 

1.76 

.0012 

.0274 

.0210 

.0064 

.34 

.0080 

.0001 

.62 

1.3 

26644 

Apr.    3 

V.  Blight. 

Slight. 

.50 

4.15 

1.85 

.0020 

.0160 

.0144 

.0016 

.31 

.0080 

.0000 

.64 

0.8 

26977 

May     1 

V.  slight. 

Slight. 

.38 

3.00 

1.15 

.0020 

.0130 

.0120 

.0010 

.25 

.0060 

.0000 

.47 

0.5 

27283 

May  31 

V.  slight. 

V.  slight. 

.40 

2.40 

1.15 

.0026 

.0126 

.0122 

.0004 

.26 

.0070 

.0000 

.46 

0.5 

27653 

July     5 

V.  slight. 

V.  slight. 

.32 

3.00 

1.00 

.0010 

.0124 

.0106 

.00181 

.26 

.0040 

.0001 

.46 

0.6 

27933 

July  31 

V.  slight. 

V.  slight. 

.24 

3.50 

1.70 

.0022 

.0134 

.0118 

.0016' 

.23 

.0040 

.0000 

.43 

0.5 

28414 

Aug.  31 

V.  slight. 

V.  slight. 

.29 

3.35 

1.25 

.003(1 

.0132 

.0128 

.0004 

.26 

.0090 

.0001 

.40 

0.6 

28842 

Oct.     2 

Slight. 

Slight. 

.27 

2.95 

1.20 

.0042 

.0128 

.0120 

.0008 

.27 

.0060 

.0001 

.38 

0.6 

29199 

Oct.   31 

V.  slight. 

V.  slight. 

.20 

2.80 

1.10 

.0016 

.0150 

.0142 

.0008 

.26 

.0020 

.0001 

.35 

0.5 

29521 

Nov.  28 

V.  slight. 

Slight. 

.24 

2.95 

1.35 

.0026 

.0204 

.0170 

.0034 

.24 

.0020 

.0001 

.34 

0.8 
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METBOPOIilTAlSr  WATER  DISTRICT. 

Chemical  Examination  of  Water  from  Hopkinton  Reservoir,  collected  near  the 

Bottom  —  Concluded. 

Averages  by  Tears. 

[Parts  per  100,000.] 


c 
o 

Appearance. 

(Residoe  on 

EVAPOBA- 
TION. 

Ammonia. 

NiTBOGBN 
AS 

■a 

a 

s 

i 

"S 
O 

1 

1 

•3 

o 
o 
O 

■3 

c 

3 

Em 

albuminoid. 

6 

a 

0 
3 

.41 

1 

1 

§ 

c 
ai 
be 

0 

1 

g 
1 

"3 
0 

> 

s 

•a 
•a 

1    B 

B  P. 
03 

£3 

■s 

OS 

_ 

1895 

- 

- 

.75 

4.33 

1.94 

.0036 

.0204 

.0181 

.0023 

.0064 

.0001 

.77 

1.3 

- 

1896 

- 

- 

.63 

3.82 

1.75 

.0013 

.0189 

.0164 

.0025 

.35 

.0050 

.0001 

.71 

0.9 

- 

1897 

- 

- 

.71 

4.06 

1.72 

.0020 

.0188 

.0173 

.0015 

.37 

.0078 

.0001 

.73 

1.1 

- 

1898 

- 

- 

.62 

3.74 

1.70 

.0022 

.0168 

.0156 

.0012 

.35 

.0057 

.0000 

.65 

1.0 

- 

1899 

- 

- 

.37 

3.27 

1.43 

.0022 

.0163 

.0141 

.0022 

.28 

.0054 

.0000 

.50 

0.7 

Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  sometimes  none.    An  unpleasant  odor 

was  developed  in  some  ot  the  samples  on  heating. The  samples  were  collected  from  the  reservoir, 

near  the  dam.    For  monthly  record  of  height  of  water  in  this  reservoir,  see  table  on  page  152. 

Chemical  Examination  of  Water  from  Cold  Spring  Brook,  at  Head  of  Ashland 

Reservoir. 

[Parts  per  100,000.] 


c 
0 

B 

0 

0 

Appbabance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

e 
S 

.31 

Nitrogen 

AS 

■a 

i 

3 
m 

B 

0 
s 

be 

0 

3 

a 

3 

0 

B 
0 

Be 
0 

Em 

ALBDMINOID. 

2 

g 

u 

jO 

a 

D 

•A 

"3 
0 

■a 
0 

5 

■d 

•a 

to  B 

3  D. 

02 

a 
•a 

n 

25823 

1899. 

Jan.     2 

V.  slight. 

V.  slight. 

0.71 

4.65 

2.35 

.0002 

.0186 

.0180 

.0006 

.0060 

.0000 

0.86 

1.0 

26083 

Jan.  81 

V.  slight. 

V.  slight. 

0.72 

4.00 

2.10 

.0002 

.0192 

.0184 

.0008 

.26 

.0070 

.0000 

0.82 

0.8 

26350 

Feb.  28 

V.  slight. 

V.  slight. 

0.70 

3.75 

1.80 

.0004 

.0182 

.0166 

.0016 

.22 

.0040 

.0000 

0.74 

0.6 

26639 

Apr.   3 

V.  Blight. 

V.  sHght. 

0.51 

2.50 

1.35 

.0002 

.0176 

.0152 

.0024 

.19 

.0050 

.0000 

0.67 

0.3 

26972 

May     1 

V.  slight. 

V.  slight. 

1.08 

3.80 

2.30 

.0028 

.0310 

.0300 

.0010 

.24 

.0050 

.0000 

1.10 

0.8 

27278 

May  31 

Slight. 

Slight. 

0.98 

3.75 

2.05 

.0024 

.0280 

.0262 

.0018 

.23 

.0030 

.0000 

0.91 

1.0 

27648 

July    5 

V.  slight. 

V.  slight. 

0.52 

3.70 

1.25 

.0014 

.0238 

.0200 

.0038 

.26 

.0040 

.0001 

0.70 

1.4 

27928 

July  31 

V.  slight. 

V.  slight. 

0.40 

4.10 

1.65 

.0012 

.0232 

.0218 

.0014 

.26 

.0040 

.0000 

0.58 

1.0 

28409 

Aug.  31 

"V.  slight. 

V.  slight. 

0.30 

3.45 

1.45 

.0004 

.0174 

.0158 

.0016 

.24 

.0140 

.0001 

0.32 

1.1 

28837 

Oct.     2 

V.  slight. 

V.  slight. 

0.35 

5.20 

1.75 

.0028 

.0210 

.0200 

.0010 

.31 

.0080 

.0000 

0.53 

1.4 

29195 

Oct.   31 

V.  slight. 

V.  slight. 

0.40 

4.75 

1.65 

.0010 

.0190 

.0178 

.0012 

.32 

.0050 

.0001 

0.48 

1.3 

29516 

Nov.  28 

V.  slight. 

Cons. 

0.85 

6.95 

2.95 

.0018 
.0012 

.0318 

.0288 

.0030 

.33 
.26 

.0030 
.0055 

.0000 

1.06 
0.73 

2.0 

Av. .. 

0.63 

4.22 

1.89 

.0224 

.0207 

.0017 

.0000 

1.1 

Odor,  generally  faintly  vegetable,  sometimes  becoming  stronger  on  heating.  ■ 
collected  from  the  brook,  at  its  entrance  into  Ashland  Reservoir. 


•  The  samples  were 
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METROPOIilTAlSr  TTATEB  DISTRICT. 

Chemical  Examination  of  Water  from  Ashland  Beservoir,  collected  near  the 

Surface. 

[Parts  per  100,000.] 


a 
o 

"o 
O 

o 

OJ 

'S 

O 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

s 

o 
.33 

Nitrogen 

AS 

1 

3 

c 
o 

o 

1 

o 

is 
s 

3 

i 

o 
o 

c 

I 

albuminoid. 

^ 
u 

i 

S 

a 

1 

•6 
> 

1 

•S 

1  c 

3  p. 

1 

25824 

1899. 

Jan.  2 

Slight. 

Slight. 

.64 

3.85 

2.20 

.0014 

.0338 

.0290 

.0048 

.0010 

.0000 

.79 

0.8 

26084 

Jan.  31 

V.  slight. 

V.  slight. 

.61 

3.80 

1.85 

.0002 

.0188 

.0176 

.0012 

.28 

.0010 

.0001 

.76 

0.8 

26351 

Feb.  28 

V.  slight. 

V.  slight. 

.58 

3.50 

1.50 

.0012 

.0176 

.0164 

.0012 

.26 

.0070 

.0000 

.62 

0.6 

26640 

Apr.  3 

V.  slight. 

V.  slight. 

.40 

2.40 

1.00 

.0006 

.0156 

.0136 

.0020 

.20 

.0040 

.0000 

.51 

0.3 

26973 

May  1 

V.  slight. 

V.  slight. 

.46 

3.00 

1.40 

.0004 

.0204 

.0170 

.0034 

.19 

.0030 

.0000 

.55 

0.3 

27279 

May  31 

V.  Blight. 

Slight. 

.48 

2.65 

1.40 

.0010 

.0180 

.0164 

.0016 

.22 

.0040 

.0000 

.65 

0i5 

27649 

July  5 

V.  slight. 

V.  slight 

.38 

3.25 

1.25 

.0000 

.0190 

.0156 

.0034 

.22 

.0000 

.0000 

.52 

0.8 

27929 

July  31 

V.  slight. 

V.  slight. 

.30 

2.70 

1.20 

.0002 

.0172 

.0146 

.0026 

.21 

.0040 

.0000 

.52 

0.5 

28410 

Aug.  31 

V.  slight 

V.  slight. 

.30 

3.65 

1.90 

.0000 

.0190 

.0160 

.0030 

.24 

.0020 

.0000 

.43 

0.5 

28838 

Oct.  2 

V.  slight. 

V.  slight. 

.23 

2.50 

1.25 

.0000 

.0158 

.0152 

.0006 

.22 

.0030 

.0000 

.36 

0.6 

29196 

Oct.  31 

V.  slight. 

Slight. 

.25 

2.75 

1.05 

.0010 

.0154 

.0148 

.0006 

.20 

.0020 

.0001 

.39 

0.8 

29517 

Nov.  28 

V.  slight. 

V.  slight. 

.35 

3.40 

1.45 

.0024 

.0162 

.0152 

.0010 

.22 

.0030 

.0001 

.40 

0.8 

Averages  by  Tears. 


1888 

- 

- 

.72 

3.83 

1.70 

.0007 

.0277 

- 

- 

.22 

.0054 

.0001 

- 

1889 

- 

- 

.85 

3.48 

1.50 

.0016 

.0251 

.0218 

.0033 

.23 

.0068 

.0002 

- 

1890 

- 

- 

.61 

3.67 

1.40 

.0008 

.0222 

.0191 

.0031 

.24 

.0096 

.0001 

- 

1891 

- 

- 

.53 

3.24 

1.55 

.0006 

.0187 

.0156 

.0031 

.20 

.0062 

.0001 

- 

1892 

- 

- 

.64 

3.60 

1.52 

.0002 

.0200 

.0168 

.0032 

.23 

.0061 

.0001 

- 

1893 

- 

- 

.77 

3.54 

1.63 

.0024 

.0206 

.0173 

.0033 

.23 

.0048 

.0001 

.68 

1894 

- 

- 

.83 

4.00 

1.73 

.0027 

.0202 

.0180 

.0022 

.29 

.0045 

.0001 

.78 

1895 

- 

- 

.89 

4.22 

2.04 

.0015 

.0246 

.0223 

.0023 

.32 

.0052 

.0000 

.90 

1896 

- 

- 

.75 

3.90 

1.86 

.0008 

.0239 

.0210 

.0029 

.27 

.0024 

.0000 

.91 

1897 

- 

- 

.84 

4.07 

1.81 

.0017 

.0242 

.0224 

.0018 

.31 

.0027 

.0000 

.79 

1898 

- 

- 

.72 

3.76 

1.85 

.0008 

.0221 

.0205 

.0016 

.29 

.0032 

.0000 

.75 

1899 

- 

- 

.41 

3.12 

1.45 

.0007 

.0189 

.0168 

.0021 

.23 

.0028 

.0000 

.53 

Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable. The  samples  were  collected  from 

the  reservoir,  near  the  gate-house.    For  monthly  record  of  height  of  water  in  this  reservoir,  see  table  on 
page  152. 
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METROPOIilTAN  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  Ashland  Reservoir,  collected  near  the 

Surface. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Aug. 

Oct. 

Nov. 

Nov. 

Day  of  examination 

Number  of  sample,    .... 

3 

25824 

1 

26084 

1 

26351 

4 
26640 

2 
26973 

1 
27279 

6 

27649 

1 
27929 

31 
28410 

2 
28838 

1 
29196 

29 
29517 

PLANTS. 

Diatomaceee 

Cyclotella 

Tabellaria, 

Oyanopliycese 

Anabsena, 

Clathrocystis,       .... 
Microcystis, 

Algee,       ...... 

Protococcus 

47 

4 
42 

0 

I 
0 

0 

0 

24 

6 
14 

0 
0 
0 
0 

0 

0 

3 

0 
0 

0 
0 
0 
0 

1 

0 

5 

1 
0 

0 
0 
0 
0 

0 
0 

45 

4 

32 

0 

0 
0 
0 

2 

0 

106 

92 

8 

22 

20 
0 
0 

102 

60 

200 

78 

118 

18 

10 

2 
6 

100 
100 

506 
36 
470 

52 

24 

4 

24 

0 
0 

608 
130 

478 

16 

2 
12 

2 

8 

0 

374 

16 
352 

32 

30 
0 
2 

8 

0 

177 

32 

138 

2 

0 
0 
0 

6 
0 

102 

27 
33 

0 
0 
0 
0 

38 

38 

ANIMALS. 

Infusoria 

Dinobryon, 

Epistylis 

Vorticella, 

"Vermes 

Crustacea,  Cyclops,   . 

0 
0 
0 
0 

0 

0 

9 

4 
0 
2 

0 

0 

1 

1 

0 
0 

0 

0 

447 

444 
0 
0 

1 
0 

80 
80 
0 
0 

2 

0 

36 

0 

16 

20 

1 

pr. 

2 

0 
0 
2 

0 

pr. 

6 
0 
0 
6 

2 

0 

0 
0 
0 
0 

0 

0 

18 

0 
0 

4 

0 
0 

3 

0 
0 
0 

0 

0 

0 
0 

0 
0 

0 

0 

Miscellaneous,  Zoogloea,    . 

5 

3 

3 

5 

7 

5 

3 

5 

8 

3 

5 

5 

Total 

52 

36 

8 

458 

]36 

272 

323 

571 

640 

435 

193 

145 

Chemical  Examination  of  Water  from  Ashland  Reservoir,  collected  near  the 

Bottom. 

[Parts  per  100,000.] 


Residue  on 

— ;- 



c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

•a 

1 

tion. 

a 

a 

c 

ALBUMINOID. 

1 

o 

>, 

•2 

•n 

-a 

^i 

0 

i 

a 

o 

s 

3 

a 

•S 

o 

t 

°5i 
o 

i 

■3 
0 

> 
0 

■  1= 

3  P. 

a 
0 

1 

*S 

s 
& 

1 

a 

H 

05 

U 

^ 

iJ 

^ 

H 

Q 

CO 

0 

!z;       z 

0 

a 

1899. 

25825 

Jan.     2 

V.  slight. 

V.  slight. 

.64 

4.00 

2.00 

.0006 

.0198 

.0180 

.0018 

.32 

.0010  .0001 

.74 

0.8 

26085 

Jan.  31 

V.  slight. 

V.  slight. 

.61 

4.00 

1.65 

.0004 

.0190 

.0182 

.0008 

.29 

.0010  .0000 

.73 

0.8 

26352 

Feb.  28 

V.  slight. 

V.  slight. 

.59 

3.40 

1.55 

.0010 

.0184 

.0176  .0008 

.25 

.0050  .0000 

.67 

0.8 

26641 

Apr.    3 

V.  slight. 

V.  slight 

.42 

2.65 

1.05 

.0006 

.0154 

.0144  .0010 

.21 

.0060  .0000 

.55 

0.3 

26974 

May     1 

V.  slight. 

V.  slight. 

.45 

2.95 

1.70 

.0006;. 0142 

.0130  .0012 

.20 

.0040:. 0000, 

.63  1  0.2 

27280 

May  31 

V.  slight. 

V.  slight. 

.46 

2.75 

1.50 

.00141. 0142;. 01321. 0010 

.22 

.00301.0000 

.48 

0.5 

27650 

July     5 

V.  slight. 

V.  slight. 

.38 

2.50 

1.05 

.0024  .01281.0104  .0024: 

.23 

.0070!. 0000 

.60 

0.5 

27930 

July  31 

V.  slight. 

V.  slight. 

.38 

2.70 

1.20 

.0028  .0138  .0132'. 0006 

.21 

.0070,. 0002 '.50 

0.8 

28411 

Aug.  31 

V.  slight. 

V.  slight. 

.38 

3.25 

1.35 

.0004. 0154  .0142 

.0012 

.22  1 

. 0050 j. 0000  i. 44 

0.5 

28839 

Oct.     2 

Slight. 

Slight. 

.31 

2.50 

1.15 

.0022  .0152,. 0144 

.0008 

.21 

.00701.0000 

.41 

0.6 

29197 

Oct.    31 

V.  Blight. 

Slight. 

.28 

2.80 

1.06 

.00141. 0158!. 0150 

.0008 

.23 

.0030  .0000 

.36 

0.8 

29518 

Nov.  28 

V.  slight. 

Slight. 

.32 

3.30 

1.40 

.0030  .0176.0158 

1           1 

.0018 

.24 

.0020  .0001 

.39 

0.8 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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METROPOLITAX  WATER  DISTRICT. 

Chemical  Examination  of  Water  from  Ashland  Reservoir,  collected  near  the 
Bottom  —  Concluded. 

Averages  by  Years. 

[Parts  per  100,000.] 


a 
.o 

o 

o 
O 

■s 

Appearance. 

Residue  on 

Evapora- 
tion. 

Ammonia. 

c 
_o 

.23 

Nitrogen 

AS 

a 

3 

5 

o 

3 

a 

■3 

o 

6 

o 

c 
_o 

o 

1 

albuminoid. 

1 

2 
2 

1 

2 

.o 

a 

3 
IZi 

> 

s 

■a 

•a 

>  a 

3  c 
OS 

1 

1888 

.72 

4.02 

1.70 

.0025 

.0261 

.0059 

.0001 

_ 

1889 

_ 

_ 

.86 

3.55 

1.49 

.0023 

.0224 

.0198 

.0026 

.22 

.0086 

.0002 

_ 

_ 

_ 

1890 

_ 

- 

.66 

3.97 

1.54 

.0017 

.0199 

.0168. 0031 

.23 

.0120 

.0001 

_ 

l.fi 

- 

1896 

_ 

- 

.73 

4.07 

1.89 

.00121.0213 

.01861.0027 

.26 

.0039 

.0000 

.88 

1.0 

- 

1897 

- 

- 

.86 

4.30 

1.94 

.0022  .0223 

.02071.0016 

.31 

.0047 

.0001 

.78 

1.2 

_ 

1898 

_ 

- 

.69 

3.84 

1.87 

.0015  .0203 

.0191 

.0012 

.29 

.0037 

.0001 

.73 

1.0 

- 

1899 

- 

- 

.43 

3.07 

1.39 

.00141.0160 

.0148 

.0012 

.24 

.0042 

.0000 

.52 

0.6 

Note  to  analyses  of  1899:  Odor,  generally  faintly  vegetable. The  samples  were  collected  from 

the  reservoir,  near  the  gate-house.    For  monthly  record  of  height  of  water  in  this  reservoir,  see  table 
on  page  152. 


Chemical  Examination  of  Water  from  Siidbiiry  River,  at  Head  of  Framingham 

Reservoir  No.  2. 

[Parts  per  100,000.] 


Odor  of  the  first  two  samples,  none;  of  the  others,  vegetable,  becoming  stronger  and  occasionally 

mouldy  or  grassy  on  heating. The  samples  were  collected  from  the  river,  near  the  old  dam  at  the 

upper  end  of  Framingham  Reservoir  No.  2,  at  a  depth  of  1  foot  beneath  the  surface. 
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METROPOLITAN  WATER 

Chemical  Examination 


DISTRICT. 

of  Water  from  Framingham  Reservoir  No.  2. 

[Parts  per  100,000.] 


i 
1 
8 

o 
"S 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

_o 

NlTEOGEN 
AS 

•a 

a 

a 

s 

o 

o 

a 

o 

is 
s 

3 

s 
^ 

o 
o 

1 

ALBDMINOID. 

g 

.a 

a 

s 

"3 

O 

■a 
> 
o 

5 

■6 

•S 

1  c 

3  O. 

00 

13 

■E 

18d9. 

25820 

Jan. 

2 

V.  Blight. 

V.  slight 

0.52 

4.15 

1.70 

.0004 

.0140 

.0132 

.0008 

.32 

.0110 

.0001 

.64 

0.8 

26081 

Jan. 

31 

Slight. 

V.  slight. 

0.49 

3.35 

1.40 

.0000 

.0158 

.0140 

.0018 

.30 

.0070 

.0000 

.65 

0.8 

26347 

Feb. 

28 

V.  slight. 

V.  slight. 

0.49 

3.35 

1.50 

.0012 

.0156 

.0150 

.0006 

.27 

.0110 

.0000 

.60 

0.8 

26637 

Apr, 

3 

V.  slight. 

V.  slight. 

0.37 

2.90 

1.40 

.0002 

.0135 

.0124 

.0011 

.22 

.0050 

.0000 

.49 

0.3 

26970 

May 

1 

V.  slight 

V.  slight. 

0.50 

2.75 

1.50 

.0012 

.0224 

.0194 

.0030 

.23 

.0050 

.0000 

.66 

0.3 

27276 

May 

31 

Slight. 

Slight. 

0.57 

3.55 

1.80 

.0014 

.0216 

.0204 

.0012 

.25 

.0030 

.0000 

.68 

0.6 

27646 

July 

5 

Slight. 

Slight. 

0.35 

3.75 

1.45 

.0000 

.0248 

.0202 

.0046 

.26 

.0020 

.0000 

.49 

1.3 

27924 

July 

31 

V.  slight. 

V.  slight. 

0.44 

3.80 

1.65 

.0002 

.0242 

.0228 

.0014 

.25 

.0020 

.0000 

.54 

0.8 

28407 

Aug. 

31 

Slight. 

Slight. 

0.38 

3.75 

1.70 

.0006 

.0276 

.0222 

.0054 

.27 

.0030 

.0000 

.48 

0.5 

28835 

Oct. 

2 

V.  slight. 

V.  slight.  0.25 

2.75 

1.00 

.0006 

.0204 

.0180 

.0024 

.24 

.0010 

.0000 

.41 

0.6 

29193 

Oct. 

31 

V.  Blight. 

V.  Blight.  0.20 

3.15 

1.25 

.0006 

.0162 

.0148 

.0014 

.27 

.0040 

.0000 

.35 

0.6 

29514 

Nov. 

28 

V.  slight. 

V.  slight  0.22 

3.40 

1.40 

.0010 

.0168 

.0148 

.0020 

.25 

.0010 

.0001 

.36 

0.8 

Averages  by  Tears. 


1888 

- 

- 

1.08 

4.63 

2.01 

.0005 

.0300 

- 

- 

.30 

.0102 

.0001 

- 

1889 

- 

- 

1.04 

3.42 

1.26 

.0015 

.0296 

.0252 

.0044 

.29 

.0075 

.0002 

- 

1890 

- 

- 

0.77 

4.58 

1.83 

.0010 

.0235 

.0191 

.0044 

.28 

.0128 

.0001 

- 

1891 

- 

- 

0.72 

4.02 

1.68 

.0004 

.0230 

.0194 

.0036 

.24 

.0105 

.0001 

- 

1892 

- 

- 

0.89 

4.35 

1.92 

.0004 

.0231 

.0192 

.0039 

.29 

.0082 

.0001 

- 

1893 

- 

- 

0.98 

4.28 

1.86 

.0010 

.0219 

.0190 

.0029 

.31 

.0054 

.0001 

.81 

1894 

- 

- 

1.12 

4.36 

2.05 

.0008 

.0216 

.0193 

.0023 

.33 

.0058 

.0000 

.93 

1895 

- 

- 

1.03 

4.65 

2.05 

.0015 

.0244 

.0211 

.0033 

.34 

.0090 

.0001 

.98 

1896 

- 

- 

0.74 

4.08 

1.87 

.0011 

.0233 

.0200 

.0033 

.30 

.0051 

.0001 

.84 

1897 

- 

- 

0.96 

4.53 

2.04 

.0013 

.0252 

.0229 

.0023 

.32 

.0087 

.0001 

.89 

1898 

- 

- 

0.89 

4.47 

2.19 

.0022 

.0241 

.0220 

.0021 

.29 

.0054 

.0001 

.93 

1899 

- 

- 

0.40 

3.39 

1.48 

.0006 

.0194 

.0173 

.0021 

.26 

.0046 

.0000 

.53 

Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  sometimes  becoming  stronger  on  heat- 
ing.  The  samples  were  collected  from  the  reservoir,  near  the  gate-house,  at  a  depth  of  8  feet 

beneath  the  surface.    For  monthly  record  of  height  of  water  in  this  reservoir,  see  table  on  page  152. 
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METROPOLITAN  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  Framingham  Reservoir  No.  2. 

[Number  of  organisms  per  cubic  centimeter.] 


1S99. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

July. 

Aug. 

Oct. 

Nov. 

Nov 

Day  of  examination 

3 

1 

1 

4 

2 

1 

6 

31 

31 

2 

1 

29 

Number  of  sample,     .... 

25820 

26081 

26347 

26637 

26970 

27276 

27646 

27924 

28407 

28835 

29193 

29514 

PLANTS. 

Diatomacese,      .... 

10 

29 

7 

50 

52 

30 

154 

202 

220 

180 

40 

28 

Cyclotella, 

Tabeilaria, 

2 
4 

1 
2 

1 
1 

0 
12 

2 
6 

4 
0 

128 

4 

176 
4 

200 

8 

26 
104 

4 
24 

10 
10 

Cyanophycese 

0 

0 

0 

0 

0 

0 

25 

14 

50 

1 

0 

0 

Anabaena, 

0 

0 

0 

0 

0 

0 

24 

8 

40 

0 

0 

0 

Algse, 

0 

0 

0 

0 

2 

40 

220 

22 

66 

28 

1 

0 

Protococcus 

0 

0 

0 

0 

0 

40 

200 

0 

30 

0 

0 

0 

ANIMALS. 

Infusoria, 

0 

0 

0 

6 

7 

14 

6 

12 

250 

6 

8 

0 

Bpistylis 

Mallomonas,          .... 
Vorticella, 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 

I 
0 

10 
0 
0 

0 
0 

4 

8 
0 
0 

0 

236 
10 

0 
0 
0 

0 
0 
0 

0 
0 
0 

Vermes 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

2 

0 

Crustacea,  Bosmina,    . 

0 

0 

0 

0 

G 

0 

pp. 

0 

0 

0 

0 

0 

Miscellaneous,  Zobgloea,  . 

3 

3 

5 

5 

7 

10 

7 

10 

10 

7 

7 

5 

Total 

13 

32 

12 

61 

68 

94 

412 

260 

598 

222 

58 

33 
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METROPOIilTAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from  Lake  Cochituate  in  Wayland. 

[Parts  per  100,000.] 


S 

o 
U 

"S 

IS 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
1 
o 

.55 

Nitrogen 

AS 

■d 
1 

§ 

c 
1 
o 

is 
s 

s 
El 

a 
1 

o 

1 

a 

o 

COhH 
O 

ALBUMINOID. 

2 

u 

a 

3 

•d 
>■ 
o 

Q 

■i 

■a 
m 

a 

s 

1 

25821 

1899. 

Jan.  2 

Slight. 

Cons. 

.37 

5.25 

1.90 

.0020 

.0462 

.0314 

.0148 

.0100 

.0002 

.62 

2.2 

26091 

Jan.  31 

Slight. 

Slight. 

.46 

6.40 

2.40 

.0012 

.0304 

.0234 

.0070 

.51 

.0110 

.0001 

.68 

2.2 

26349 

Feb.  28 

V.  slight. 

Slight, 

.33 

5.00 

2.00 

.0036 

.0218 

.0176 

.0042 

.40 

.0180 

.0001 

.54 

1.8 

26645 

Apr.  3 

Slight. 

Slight. 

.31 

4.65 

1.95 

.0010 

.0184 

.0150 

.0034 

.38 

.0110 

.0000 

.48 

1.4 

26978 

May  1 

V.  slight 

Slight. 

.26 

4.65 

1.65 

.0016 

.0220 

.0180 

.0040 

.38 

.0150 

.0003 

.42 

1.4 

27287 

May  31 

V.  Blight. 

Blight. 

.20 

4.96 

1.60 

.0046 

.0284 

.0236 

.0048 

.42 

.0110 

.0002 

.37 

1.7 

27655 

July  5 

V.  Blight. 

V.  slight. 

.15 

4.05 

1.15 

.0008 

.0158 

.0146 

.0012 

.43 

.0060 

.0002 

.43 

1.7 

27926 

July  31 

None. 

V.  Blight. 

.09 

4.35 

1.30 

.0004 

.0162 

.0158 

.0004 

.39 

.0050 

.0001 

.36 

1.3 

28415 

Aug.  31 

V.  Blight. 

V.  Blight. 

.10 

4.60 

1.95 

.0004 

.0180 

.0168 

.0012 

.38 

.0020 

.0000 

.34 

1.6 

28846 

Oct.  2 

v.  slight. 

Cons. 

.09 

4.10 

1.30 

.0012 

.0216 

.0194 

.0022 

.44 

.0060 

.0000 

.33 

1.7 

29200 

Oct.  31 

V.  Blight. 

V.  Blight. 

.10 

4.40 

1.35 

.0016 

.0220 

.0200 

.0020 

.42 

.0060 

.0001 

.32 

1.7 

29506 

Nov.  28 

Slight. 

Slight. 

.22 

4.45 

1.65 

.0056 

.0176 

.0156 

.0020 

.43 

.0070 

.0002 

.31 

1.7 

Averages  by  Tears. 


1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


_ 

.19 

4.90 

1.24 

.0033 

.0217 

- 

- 

.43 

.0127 

.0003 

- 

- 

.33 

5.08 

1.62 

.0025 

.0210 

.0177 

.0033 

.46 

.0208 

.0003 

- 

- 

.21 

4.74 

1.03 

.0016 

.0184 

.0149 

.0035 

.49 

.0206 

.0003 

- 

- 

.24 

4.66 

1.44 

.0017 

.0182 

.0145 

.0037 

.42 

.0212 

.0002 

- 

- 

.15 

4.61 

1.35 

.0018 

.0168 

.0133 

.0035 

.48 

.0152 

.0001 

-. 

- 

.21 

4.64 

1.58 

.0015 

.0168 

.0138 

.0030 

.46 

.0098 

.0002 

.39 

- 

.20 

4.76 

1.59 

.0008 

.0163 

.0137 

.0026 

.51 

.0070 

.0001 

.37 

- 

.25 

5.08 

1.68 

.0015 

.0178 

.0153 

.0025 

.51 

.0112 

.0001 

.42 

- 

.28 

4.89 

1.65 

.0012 

.0176 

.0145 

.0031 

.50 

.0122 

.0001 

.45 

- 

.31 

5.11 

1.73 

.0012 

.0202 

.0172 

.0030 

.52 

.0092 

.0001 

.44 

- 

.30 

4.92 

1.79 

.0016 

.0203 

.0173 

.0030 

.47 

.0066 

.0001 

.45 

- 

.22 

4.74 

1.68 

.0020 

.0232 

.0193 

.0039 

.43 

.0090 

.0001 

.43 

Note  to  analyses  of  1899 :  Odor  of  the  first  three  satoples,  disagreeable;  of  the  others,  faintly  vege- 
table, becoming  stronger  and  sometimes  also  grassy  on  heating. The  samples  were  collected  from 

the  gate-house.    For  monthly  record  of  height  of  water  in  this  lake,  see  table  on  page  152. 
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METROPOLITAN  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  Lake  Gochituate  in  Wayland. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.   Feb.    Mar.  Apr.   May.  June.   July.  July.  Aug.   Oct.    Nov.  Nov. 


Day  of  examination, , 
Number  of  sample,    , 


3 
25821 


1    1 

2609126349 


2 
26978 


1 

27287 


31 

27926 


31 

28415 


3 

28846 


1 

29200 


28 
29506 


PLANTS. 
Diatomacess, 

Asterlonella, 
Cyciotella,    . 
Melosira, 
Tabellaria,    . 

Cyanopliycese,   . 

AnabEena, 
Aphanizomenon, 
Merismopoedia,    . 
Microcystis, 

Algee 

ANIMALS. 
Rhizopoda,  Actinophrys, 

Infusoria, 

Ciliated  infusorian, 
Cryptomonas, 
Dinobryon,  . 
Peridinium,  , 
Synura, 

Vermes,  ..... 

Crustacea,    . 

Bosmina, 
Cyclops, 
Daphnia, 
Entomostra  canova,     . 

Miscellaneous,  Zoogloea,   . 

Total 


23 


3,200 

2,392 

448 

24 

312 


34 


24 


410 


398 
0 
0 
12 


126 

24 
62 
0 


182 

146 
0 

28 
4 


106 

4 

0 

102 

0 


698 

356 

0 

330 

10 


1 

0 

41 

25 

0 

0 

1 

0 

5 

20 

28 

1 

1 

0 

pr. 

0 

pr. 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

7 

17 

72 

130 

381 


3,291 


748 
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METROPOLITAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from,  the 
Aqueduct  at  Chestnut 

[Parts  per  100 


Terminal  Chamber 
Hill  Reservoir. 

,000.] 


of  the   Sudbury 


Odor,  generally  faintly  vegetable,  eometlmes  none. 

Microscopical  Examination  of  Water  from  the  Terminal  Chamber  of  the  Sudbury 
Aqueduct  at  Chestnut  Hill  Reservoir. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Aug. 

Oct. 

Nov. 

Nov. 

Day  of  examination,  .... 

9 

3 

8 

4 

3 

1 

6 

1 

31 

6 

2 

29 

Number  of  sample 

25857 

26117 

26410 

26654 

26990 

27300 

27665 

27943 

28434 

28903 

29214 

29523 

PLANTS. 

Diatomacese,       .... 

28 

32 

10 

43 

296 

34 

752 

546 

100 

308 

108 

85 

Asterionella 

Cyclotella 

Melosira 

Synedra, 

Tabellaria 

7 
10 
0 
8 
2 

13 
0 
0 
5 

8 

0 
0 

0 
5 
2 

22 
0 
0 
3 

14 

90 
2 
66 
94 
38 

5 
1 
4 
5 
19 

268 

232 

20 

6 

224 

32 

64 

0 

34 

408 

30 

16 

0 

8 

44 

26 
32 
36 

18 
184 

40 
41 
10 
3 
12 

26 
38 
13 

7 

1 

Cyanophycese,   .... 

0 

0 

0 

0 

2 

0 

29 

12 

0 

2 

1 

0 

Anabsena,     .        . 

0 

0 

0 

0 

2 

0 

28 

0 

0 

2 

0 

0 

Algse 

0 

0 

1 

1 

1 

16 

30 

10 

8 

8 

2 

0 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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METKOPOIilTAlSr  WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  the  Terminal  Chamber  of  the  Sudbury 
Aqueduct  at  Chestnut  Hill  Reservoir  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 


Jan.    Feb.    Mar.  Apr.  May.  June.  July.  Aug.  Aug.!  Oct.    Nov.  Nov, 


ANIMALS. 
Bhizopoda,  Actinophrys, 


Infusoria, 

Codonella, 
Dinobryon, 

Vermes,  . 

Crustacea, 

Cyclops, 

Daphnella, 

Daphnia, 


48 


pr. 
pr. 


Miscellaneous,  Zobglcea, 


25       12 


Total, 


821 


587     143 


Xlhemical  Examination  of  Water  from  Sjwt  Pond^  Stoneham 

[Parts  per  100,000.] 


o 

o 
o 

03 

Q 

Appeabance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

6 
c 
•E 

o 

o 

Nitrogen 

AS 

■6 

a 

s 

i 

c 
o 

s 

s 

a 

a 

o 
o 

1 

c 
o 

o 

hi 

ALBUMINOID. 

1 

5 

1 

3 
'A 

"3 

•a 
> 
o 

5 

•a 

■a 
1  n 

M   O 

a  o. 

CO 

1899. 

25816 

Jan.     2 

Slight. 

Slight. 

0.04 

4.75 

1.85 

.0004 

.0264 

.0224 

.0040 

.41 

.0020 

.0002 

..56 

1.7 

26112 

Feb.     2 

Slight. 

V.  slight. 

0.38 

4.85 

2.00 

.0006 

.0260 

.0208 

.0052 

.40 

.0030 

.0001 

.63 

1.8 

26345 

Feb.  28 

Slight. 

V.  slight. 

0.41 

4.50 

2.10 

.0006 

.0278 

.0218 

.0060 

.42 

.0060 

.0001 

.62 

1.7 

26634 

Apr.    3 

Slight. 

V.  Blight. 

0.57 

4.60 

1.80 

.0028 

.0260 

.0212 

.0048 

.42 

.0110 

.0001 

.60 

1.4 

26991 

May     2 

Decided. 

Cons. 

0.38 

4.85 

2.10 

.0004 

.0348 

.0204 

.0144 

.36 

.0040 

.0000 

..52 

1.4 

27272 

May  31 

Slight. 

Cons. 

0.40 

5.00 

2.25 

.0002 

.0380 

.0242 

.0138 

.42 

.0020 

.0000 

..54 

2.5 

27638 

July     5 

Decided. 

Cons. 

1.15 

3.30 

0.65 

.0188 

.0128 

.0084 

.0044 

.21 

.0020 

.0000 

.23 

1.0 

27920 

July  31 

Slight. 

Slight. 

0.16 

2.65 

0.75 

.0130 

.0110 

.0094 

.0016 

.21 

.0010 

.0000 

.19 

0.8 

28418 

Aug.  31 

Slight. 

Slight. 

0.20 

7.40 

2.25 

.0004 

.0294 

.0242 

.0052 

.42 

.0020 

.0000 

.45 

2.3 

28845 

Oct.     2 

Decided. 

Cons. 

0.11 

7.30 

2.00 

.0004 

.0352 

.0288 

.0064 

.38 

.0040 

.0000 

.38 

3.0 

29218 

Nov.    1 

Slight. 

Slight. 

0.18 

8.45 

2.10 

.0128 

.0280 

.0200 

.0080 

.42 

.0020 

.0000 

.29 

3.6 

29505 

Nov.  28 

Decided. 

V.  slight. 

0.21 

10.15 

2.15 

.0294 

.0193 

.0170 

.0023 

.44 
.38 

.0020 

.0001 

.31 

.44 

4.0 

Av... 

0.38 

5.65 

1.83 

.0066 

0262 

.0199 

.0063 

.0034 

.0000 

2.1 

Odor,  generally  distinctly  disagreeable,  sometimes  vegetable  or  unpleasant.  On  heating,  the  odor 
of  some  of  the  samples  became  offensive.  The  water  of  Spot  Pond  was  drawn  down  to  an  unusually 
low  level  during  the  work  of  removing  the  mud  from  the  bottom  of  the  pond.  For  monthly  record  of 
height  of  water  in  this  pond,  see  table  on  page  152. 
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Microscopical  Examination  of  Water  from  Spot  Pond,  Stoneham. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


July.  July.  Sept. 


Day  of  examination, 
Number  of  sample, 


3 

25816 


3 
26112 


28 
26345 


3 

26634 


3 
26991 


31 

27272 


5 
27638 


31 

27920 


1 

28418 


3 

28845 


2 
29218 


28 
29505 


PLANTS. 
DiatomacesB, 

Asterionella, 
Cyclotella,    . 
Melosira,       .        . 
Synedra, 
Tabellaria,    . 

CyanoptLycese,    • 

Anabeena, 
Aphanizomenon, 

Algse, 

Raphidium,  . 
Selenastrum, 


194 

56 

116 

0 

16 


30 


36 


553 


84 
380 


1,028 


48 

944 

32 


22 


136 


136 
0 


54 


212 


26 


836 


826 
62 


100 


25 

6 

0 

20 

0 

0 


26 


ANIMALS. 
Rhizopoda,  Difflugia 

Infusoria, 

Chlamydomonas, 
Cryptomonas, 
Dinobryon,   . 

Verraes,  . 

Crustacea,  Cyclops, 


4,000 


4,000 
0 
0 


1,004 


1,000 
3 


7,001 
7,000 


4,002 
4,000 


9,062 

9,000 
50 
12 


,025 

;,ooo 

20 
0 


168 


160 
0 
0 


508 


500 
0 
0 


Miscellaneous,  Zobgloea, 


Total, 


7,033 


4,078 


9,759 


80 


9,293 


120 


176 


160 


623 


1,572 


688     133 
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METROPOLITAN  WATER  DISTRICT. 

Chemical  Examination  of  Water  from  the  High  Service  Reservoir  at  Middlesex 

Fells. 

[Parts  per  100,000.] 


Residue  on 

B 
O 

1 

o 
O 
v^ 
o 

0) 

Appearance. 

Evapora- 
tion. 

Ammonia. 

c 
'u 
o 

Nitrogen 

AS 

1 

3 

§ 

c 
>1 

is 
s 

.1 

o 

B 
O 

ALBUMINOID. 

o 

1 

*E 

1 

"3 

3 

•d 

■a 
1  s 

1 
1 

'A 

O 

H 

03 

U 

H 

►:] 

bt 

H 

C 

« 

U 

:z; 

|Zi 

o 

U3 

1899. 

28485 

Sept.   5 

V.  slight. 

V.  slight. 

.18 

5.35 

1.60 

.0012 

.0170 

.0162 

.0008 

.22 

.OO.SO 

.0000 

.27 

0.9 

28486 

Sept.   5 

V.  slight. 

V.  slight. 

.12 

4.75 

1.35 

.0004 

.0160 

.0150 

.0010 

.22 

.0030 

.0000 

.31 

0.9 

Odor,  none,  becoming  very  faintly  vegetable  on  heating. The  first  sample  was  collected  from 

the  reservoir,  near  the  intalie;  the  second,  from  the  reservoir,  on  the  opposite  side  from  the  intake. 
The  samples  were  collected  a  short  time  after  the  reservoir  was  filled,  and  before  any  water  from  it  had 
been  used  for  the  supply  of  the  district. 


Chemical  Examination  of  Water  from  a  Faucet  at  the  State  House,  Boston. 

[Parts  per  100,000.] 




Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

c 

tion. 

6 

5 
o 

>. 

^ 

a 
.2 

ALBUMINOID. 

. 

•o 

S 

1 

o 

■g 
3 

a 

o 

a 

6 

■cj 

1 

"S 

1 

« 

*E 

Si 

c 

■H 

o 

o 

O 

.c- 

:zi 

a 

b* 

02 

O 

H 

J 

1^ 

E- 

a 

■I. 

O 

^ 

•A 

o 

» 

1899. 

25809 

Jan.     2 

Slight. 

V.  slight. 

.46 

5.55 

1.75 

.0020. 0158. 0130 

.0028 

.33 

.0300  .0001 

.49 

2.0 

26110 

Feb.    2 

V.  slight. 

V.  slight 

.33 

4.10 

1.35 

.0012  .0124  .0102 

.0022 

.28 

.0200i.0001 

.42 

1.4 

26360 

Mar.    1 

V.  slight. 

V.  slight. 

.30 

4.15 

1.35 

.0014  .0114  .01081.0006 

.26 

.0220;.  0002 

.39 

1.3 

26630 

Apr.    3 

V.  slight. 

Slight. 

.21 

3.20 

1.25 

.0010  .0108  .0106:. 0002 

.21 

.0190 

.0002 

.34 

0.8 

26995 

May     2 

V.  Blight 

V.  slight. 

.18 

3.45 

1.10 

.0004  .0108  .0092  .0016i|.22 

.0300 

.0001 

.30 

1.0 

27303 

June    2 

V.  slight. 

Slight. 

.18 

3.15 

1.05 

.OOOO:. 0108. 0092 

.0016 

.21 

.0130 

.0000 

.25 

1.0 

27637 

July     5 

Slight. 

Slight. 

.20 

3.40 

1.40 

.0000  .01.50  .0126 

.0024 

.20 

.0070 

.0000 

.37 

1.0 

27938 

Aug.    1 

V.  slight 

V.  slight. 

.13 

3.30 

1.20 

.0006  .0146  .0126 

.0020 

.24 

.0060 

.0000 

.31 

1.0 

28417 

Aug.  31 

Slight. 

V.  slight. 

.20 

3.80 

1.55 

.0000  .0162  .0154 

.0008 

.22 

.00.30 

.0001 

.37 

1.1 

28852 

Oct.     3 

Slight. 

V.  slight. 

.21 

3.70 

1.45 

.0006  .0168  .0160 

.0008 

.23 

.0040 

.0000 

.38 

0.8 

29187 

Oct.   31 

Slight. 

V.  slight 

.24 

ii.U 

1.15 

.0002  .0150  .0140 

.0010 

.24 

.0030 

.0000 

.34 

1.0 

29503 

Nov.  28 

V.  slight. 

V.  slight. 

.13 

3.45 

1.05 

.0000  .0136  .0132 

.0004 

.22 

.0070 

.0000 

.26 

1.3 

Averages  by  Years: 


890 
891 
892 


.38 

4.94 

1.53 

.0012 

.0215 

.40 

.0183 

.0002 

.51 

4.71 

1.43 

.0005 

.0199 

.0176 

.0023 

.42 

.0272 

.0002 

_ 

.35 

4.70 

1.25 

.0003 

.0169 

.0148 

.0021 

.42 

.0241 

.0001 

- 

.37 

4.39 

1.63 

.0006 

.0161 

.0136 

.0025 

.37 

.0227 

.0001 

_ 

.37 

4.70 

1.67 

.0007 

.0168 

.0138 

.0030 

.41 

.0210 

.0001 

_ 

.61 

4.54 

1.84 

.0010 

.0174 

.0147 

.0027 

.38 

.0143 

.0001 

.60 

.69 

4.64 

1.83 

.0006 

.0169 

.0150 

.0019 

.41 

.0106 

.0001 

.63 

.72 

4.90 

2.02 

.0006 

.0197 

.0175 

.0022 

.40 

.0171 

.0001 

.69 

.49 

4.29 

1.67 

.0005 

.0165 

.0142 

.0023 

.37 

.0155 

.0001 

.56 

.65 

4.82 

1.84 

.0009 

.0193 

.0177 

.0016 

.40 

•0137 

.0001 

.64 

.41 

4.19 

1.60 

.0008 

.0152 

.0136 

.0016 

.29 

.0097 

.0001 

.44 

.23 

3.70 

1.30 

.0006 

.0136 

.0122 

.0014 

.24 

.0137 

.0001 

.35 

2.2 
1.7 
1.9 
1.8 
1.7 
0.7 
1.4 
1.6 
1.4 
1.1 


*  Previous  to  1897  these  samples  were  collected  from  a  faucet  at  the  Institute  of  Technology.  The 
character  of  the  water  at  this  place,  however,  does  not  differ  materially  from  that  of  the  water  drawn 
from  the  faucet  at  the  State  House. 


Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable,  sometimes  none. 
of  some  of  the  samples  became  stronger. 


On  heating,  the  odor 
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METROPOLITAJSr  "WATER  DISTRICT. 

Microscopical  Examination  of  Water  from  a  Faucet  at  the  State  House,  Boston. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Aug. 

Oct. 

Oct. 

Nov. 

Day  of  examination,  .... 

2 

2 

1 

3 

3 

2 

5 

1 

31 

3 

31 

28 

Number  of  sample,    .... 

25809 

26110 

26360 

26630 

26995 

27303 

27637 

27938 

28417 

28852 

29187 

29503 

PLANTS. 

DiatomacesB,       .... 

55 

28 

16 

13 

186 

64 

310 

326 

138 

262 

208 

62 

Asterionella,        .... 

Cyclotella, 

Melosira 

Synedra, 

Tabellaria 

23 

11 

0 

6 

14 

4 
0 
0 
4 
19 

6 
0 
0 

5 
2 

6 
0 
0 
1 

4 

64 

0 

8 

50 

26 

22 
8 
6 
2 

18 

102 

74 

6 

6 

118 

30 
12 

0 

38 
246 

20 
40 
12 
6 
52 

24 
20 
68 
32 
114 

58 

6 

44 

10 

88 

33 

10 

9 

5 

5 

Oyanoptiyceee 

0 

0 

0 

0 

0 

34 

1 

10 

12 

2 

0 

0 

Anabaena 

0 

0 

0 

0 

0 

34 

0 

4 

12 

2 

0 

0 

Alg0B 

0 

0 

0 

0 

0 

2 

64 

2 

5 

8 

14 

10 

ProtococcuB 

0 

0 

0 

0 

0 

0 

64 

0 

0 

0 

0 

9 

ANIMALS. 

Ehizopoda,  Actinophrys,    . 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria 

1 

4 

4 

6 

10 

0 

0 

0 

2 

2 

20 

12 

Dinobryon 

0 

0 

4 

3 

8 

0 

0 

0 

0 

0 

20 

12 

Vermes,  Polyarthra,     . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Crustacea,  Cyclops,    . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

Miscellaneous,  Zobgloea,   . 

3 

3 

0 

5 

5 

12 

7 

7 

15 

8 

5 

3 

Total, 

59 

35 

21 

24 

201 

112 

382 

345 

172 

282 

247 

88 

Table  showing  Monthly  Heights,  in  Feet,  above  Tide-marsh  Level  of  the  Water  in 
the  Lakes  and  Storage  Reservoirs  of  the  Metropolitan  Water  Works,  from 
which  Samples  of  Water  were  collected  during  the  Year  1899. 


ac-' 

i-'^O 

<»-Sm 

a<N  »' 

6  C 

a  o  r.  -a 

c 

•a 

m  in  gha 
ervoir  No. 
5h     Board 
12. 

c 
o 

6^ 

&feM 

D, 

EC 

^ 

W 

< 

fe 

iJ 

CO 

1S99. 

Jan. 

1, 

253.39 

185.00 

304.12 

224.55 

176.20 

143.38 

151.78 

Feb. 

1.  . 

258.10 

184.96 

304.20 

224.49 

176.19 

143.11 

149.43 

March  1,  . 

258.86 

185.14 

300.55 

220.87 

176.46 

141.20 

147.44 

April 

259.39 

185.16 

301.92 

221.43 

176.46 

143.45 

148.27 

May 

259.97 

185.10 

304.22 

224.37 

176.17 

143.79 

143.67 

June 

259.78 

186.30 

305.04 

225.24 

177.70 

144.34 

141.43 

July 

258.28 

185.20 

304.82 

225.18 

176.22 

144.37 

141.28 

Aug. 

255.25 

185.02 

304.61 

223.87 

175.80 

144.11 

141.38 

Sept. 

252.17 

183.47 

304.29 

222.05 

176.73 

142.39 

141.44 

Oct. 

252.28 

177.80 

301.47 

212.14 

176.72 

140.58 

139.85 

Nov. 

251.25 

185.35 

285.27 

196.32 

177.00 

138.75 

139.40 

Dec. 

250.36 

184.00 

280.25 

193.88 

175.95 

139.15 

139.38 
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abington  and  rockland. 

Water  Supply  of  Abington  and  Rockland. 

Chemical  Examination  of  Water  from  Big  Sandy  Pond,  Pembroke. 

[Parts  per  100,000.] 


o 

o 
O 

o 
1 

Appearance. 

Residdb  on 
Evapora- 
tion. 

Ammonia. 

6 

Nitrogen 

as 

•d 
0 

a 

c 
0 

a 

1 

0 

■3 
% 

3 

H 

c 

a 

O 
O 

o 

■3 
0 

EH 

c 

0 

1-1 

6 

albuminoid. 

3 
h 

g 

u 

a 

a 

3 

•a 

■3 
0 
H 

•d 
> 
0 

s 

•a 

1  a 
3  p. 

CO 

c 

1S99. 

26127 

Feb.     5 

V.  slight. 

V.  slight. 

.14 

3.35 

1.25 

.0000 

.0150 

.0136 

.0014 

.64 

.0020 

.0001 

.29 

0.6 

27022 

May     7 

V.  slight. 

V.  slight. 

.10 

3.20 

1.15 

.0012 

.0154 

.0134 

.0020 

.57 

.0040 

.0000 

.22 

0.3 

28065 

Aug.    6 

"V.  slight. 

V.  slight. 

.07 

3.75 

1.00 

.0006 

.0132 

.0130 

.0002 

.67 

.0010 

.0000 

.20 

0.6 

29239 

Nov.    5 

V.  slight. 

V.  slight. 

.08 
.10 

3.65 

1.55 

.0006 
.0006 

.0178 

.0164 

.0014 

.67 
.64 

.0010 

.0000 

.20 
.23 

0.3 

Av... 

3.49 

1.24 

.0153 

.0141 

.0012 

.0020 

.0000 

0.4 

Odor,  generally  faintly  vegetable.  - 
station. 


•  The  samples  were  collected  from  a  faucet  in  the  pumping 


Water  Supply  of  Adams  Fire  District,  Adams. 
Chemical  Examination  of  Water  from.  Bassett  Brook  Reservoir,  Adams. 

[Parts  per  100,000.] 


_S 

0 
0 

0 

s 

a 

Appearance. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

c 

0 
S 
0 

Nitrogen 

as 

•d 

1 

3 

c 
0 
0 

1 

X 

0 

3 

EH 

1 

a 

-3 

0 
0 

■3 
0 

E-i 

0  to 
1 

(H 

fo 

albuminoid. 

2 

^ 

i 

■3 
0 

'6 
> 
0 

s 

■6 
3  p< 

CO 

a 

1899. 

26310 

Feb.  21 

None. 

V.  slight. 

.00 

3.75 

1.00 

.0000 

.0020 

.0018 

.0002 

.07 

.0230 

.0000 

.07 

2.7 

27182 

May  22 

V.  slight. 

V.  slight. 

.04 

2.95 

0.65 

.0000 

.0040 

.0040 

.0000 

.08 

.0170 

.0000 

.14 

1.7 

28282 

Aug.  19 

V.  slight. 

V.  slight. 

.03 

5.45 

0.55 

.0000 

.0046 

.0038 

.0008 

.06 

.0080 

.0000 

.12 

3.3 

29436 

Nov.  18 

V.  slight. 

Slight. 

.08 

2.60 

1.00 

.0000 

.0064 
.0042 

.0052 

.0012 

.10 
.08 

.0140 

.0000 

.16 
.12 

1.4 

Av... 

.04 

3.69 

0.80 

.0000 

.0037 

.0005 

.0155 

.0000 

2.3 

Odor,  faintly  vegetable  or  none. The  samples  were  collected  from  a  faucet  supplied  with  water 

from  the  reservoir. 
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ADAMS. 

Chemical  Examination  of   Water  from  Dry  Brook  Reservoir  in  Adams  and 

Cheshire. 

[Parts  per  100,000.] 


c 
o 

a 

o 

1 

Appeakancb. 

Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

6 

a 

■s 

o 

g 

NiTBOGBN 
AS 

•a 

a 

6 

a 
O 

■3 

i 

02 

o 
O 

t 

o 

c 

O 

1 

ALBUMINOID. 

1 
2 

5 

a 

s 

1 

>■ 

s 

•a 

S  p. 

a 
1 

26309 
27183 
28283 
29437 

1S99. 

Feb.  21 

May  22 
Aug.  19 
Nov.  18 

None. 
V.  slight. 
V.  Blight. 
V.  slight. 

V.  Blight. 

Slight. 
V.  slight. 
V.  slight. 

.10 
.14 
.09 
.31 

6.05 
6.50 
11.25 
6.20 

1.65 
1.25 
2.60 
2.25 

.0010 
.0000 
.0024 
.0006 

.0046 
.0098 
.0094 
.0122 

.0042 
.0084 
.0086 
.0118 

.0004 
.0014 
.0008 
.0004 

.08 
.07 
.21 
.10 
.11 

.0190 
.0040 
.0080 
.0050 

.0001 
.0000 
.0000 
.0000 

.22 
.29 
.24 
.52 
.32 

3.9 
3.6 
6.6 
3.3 

Av... 

16 

7.25 

1.94 

.0010 

,0090 

.0083 

.0007 

.0090 

.0000 

4  !t 

Odor  of  the  first  two  samples,  none,  becoming  very  faintly  vegetable  on  heating;  of  the  last  two, 

very  faintly  vegetable,  becoming  distinctly  vegetable  on  heating. The  samples  were  collected  from 

a  faucet  supplied  with  water  from  the  reservoir. 


Watee  Supply  of  Amesbury. — Powow  Hill  Water  Company. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Powow  Hill  Water 

Company, 

[Parts  per  100,000.] 


o 

6 

c 

Ammonia. 

a 

O 

s 

Nitrogen 

AS 

•6 

a 

a 

a 
o 

g> 
o 

c 
■a 

B3 

o 
c 

is 
< 

1 

a 
2 

Averages    of   four  samples  collected   in ) 
July,  August,  September  and  October,  \ 
1899.                                                                  ) 

.01 
.05 

20.16 
9.32 

.0044 
.0005 

.0017 
.0022 

1.10 
0.57 

.0012 
.0477 

.0000 
.0001 

.08 
.02 

8.9 
4.0 

.0060 
.0150 

Odor,  none. The  first  analysis  is  the  average  of  the  analyses  of  four  samples  collected  from  the 

tubular  wells  near  Market  Street;  the  last  is  the  average  of  the  analyses  of  four  samples  collected  from 
the  tubular  wells  near  Main  Street. 
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ANDOVER. 


Water  Supply  of  Andover. 
Chemical  Examination  of  Water  from  EaggetVs  Pond,  Andover. 

[Parts  per  100,000.] 


Residue  on 

B 
O 

o 
O 

Appearance. 

EVAPOBA- 
TION. 

Ammonia. 

a 

u 

o 

Nitrogen 

AS 

a 

s 
o 
a 

he 

is 
s 

c 

1 
■5 

u 
o 

s 

c 

ALBUMINOID. 

« 

+J 

1 

a 

s 

3 

•6 
> 

■6 

■a 
1  a 

1 

03 

|Zi 

Q 

B 

CO 

a 

Eh 

iJ 

Ut 

H 

Q 

w 

d 

^      a 

O 

m 

1899. 

25932 

Jan.  11 

None. 

V.  slight. 

.21 

3.30 

1.30 

.0010 

.0144 

.0138 

.0006 

.31 

.0000 

.0000 

.38 

1.3 

26689 

Apr.  10 

V.  Blight. 

V.  Blight. 

.22 

3.50 

1.25 

.0012 

.0146 

.0144'. 0002 

.80 

.0080 

.0000 

.37 

0.8 

28911 

Oct.     6 

V.  slight. 

V.  slight. 

.10 

12.45 

2.45 

.0008 

.0152 

.0132 

.0020 

.38 
.33 

.0000 

.0000 

.25 
.33 

2.1 

Av... 

.18 

6.42 

1.67 

.0010 

.0147 

.0138 

.0000 

.0027 

.0000 

1.4 

Odor,  none,  becoming  faintly  vegetable  on  heating.  - 
the  pumping  station. 


-The  samples  were  collected  from  a  faucet  at 


Water  Supply  of  Arlington. 
(See  also  Metropolitan  Water  District,  pages  127  to  152.) 
The  low-service  district  of  Arlington  was  supplied    during  the 
year  from  the  Metropolitan  Water  Works,  the  high-service  district 
being  supplied  from  the  driven  wells  at  East  Lexington. 

Chemical  Examination  of  Water  from  Tubular  Wells  at  East  Lexington. 

[Parts  per  100,000.] 


a 

Appearance. 

c 

Ammonia. 

Nitrogen 

•6 

a 

s 

o 

>> 

a 

°^ 

S 

6 

» 

CO 

£1 

a 

s 

03 

rS 
1 

a 

o 

3  f, 

2W 

S 

B 

is 

o 

rt 
M 

5 

r 

B 

o 

IZl 

O 

^ 

03 

O 

« 

ut 

< 

O 

sz; 

a 

o 

M 

1899. 

26041 

Jan.  25 

Decided. 

Cons. 

.40 

8.20 

.0212 

.0108 

.47 

.0010 

.0000 

.20 

4.0 

.1700 

26599 

Mar.  28 

Decided. 

Slight. 

.50 

9.00 

.0272 

.0116 

.47 

.0000 

.0001 

.18 

4.0 

.1700 

27302 

June    1 

Slight. 

Slight. 

.58 

6.30 

.0188 

.0182 

.43 

.0080 

.0000 

.35 

2.6 

.0830 

27865 

July  24 

Decided. 

v.  Blight. 

.70 

9.50 

.0268 

.0096 

.52 

.0040 

.0000 

.23 

4.4 

.0850 

28775 

Sept.  27 

Decided. 

Cons. 

.70 

9.30 

.0292 

.0114 

.56 

.0160 

.0000 

.27 

4.2 

.1000 

29497 

Nov.  27 

Decided. 

Cons. 

.50 

9.50 

.0268 

.0104 

.55 

.0110 

.0001 

.21 

4.2 

.3800 

Averages  by  Tears. 


1895 

.17 

9.90 

.0097 

.0075 

.52 

.0045 

.0001 

.18 

5.5 

1896 

- 

- 

.24 

9.88 

.0090 

.0102 

.54 

.0052 

.0001 

.21 

5.3 

1897 

_ 

- 

.45 

9.05 

.0167 

.0102 

.55 

.0042 

.0000 

.22 

4.7 

1898 

- 

_ 

.47 

8.72 

.0190 

.0118 

.52 

.0014 

.0000 

.24 

4.0 

1899 

- 

- 

.56 

8.63 

.0250 

.0120 

.50 

.0067 

.0000 

.24 

3.9 

.0958 
0742 
0993 
1342 

.1647 


Note  to  analyses  of  1899:  Odor  of  the  fourth  sample,  faintly  unpleasant;  of  the  others,  none,  be- 
coming faintly  vegetable  or  unpleasant  on  heating. The  samples  were  collected  from  a  faucet  at  the 

pumping  station. 
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Water  Supply  of  Ashbuenham. 
Chemical  Examination  of  Water  from  the  Ashburnham  Storage  Reservoir. 

[Parts  per  100,000.] 


Residde  on 

.2 

O 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

1 

a 

B 

o 

o 

>> 

c 
o 

ALBUMINOID. 

t 

■6 

S 

I 

o 

"3 

a 

"3 

§S) 

"5 

> 
"3 

■3 

c 

rt 

.■S 

bo 

•o 

"A 

Q 

i* 

m 

o 

E- 

hJ 

1^ 

Eh 

O 

OQ 

CJ 

Sq 

O 

s 

1899. 

1 

27540 

June  20 

Decided. 

V.  slight. 

.24 

3.80 

1.20 

.0006 

.0.388 

.0292 

.0096 

.12 

.0000 

.0000 

.27 

1.1 

Odor,  faintly  mouldy  and  unpleasant. 


Water  Supply  of  Athol.  —  Athol  Water  Company. 
Chemical  Examination  of  Water  from  the  Large  Reservoir  in  Phillipston. 


Parts 

per  100,000.] 

a 
.2 

o 

o 
o 

o 

a 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

1 

u 

Nitrogen 

AS 

•a 

s 

3 

o 
o 

1 

H 

o 

is 
s 

s 

1 

•S 

o 
o 

o 

c 
o 

o 

albdminoid. 

'5 

g 

1 

a 

"5 

■a 
"a 

5 

I  c 
3  O. 

03 

c 
■a 
u 
OS 

K 

1899. 

26598 

Mar.  28 

V.  slight. 

V.  slight. 

0.34 

2.50 

1.00 

.0020 

.0188 

.0160 

.0028 

.09 

.0070 

.0000 

0.46 

0.3 

27619 

June  28 

Decided. 

Heavy. 

0.52 

3.25 

1.70 

.0020 

.1090 

.0360 

.0730 

.11 

.0000 

.0000 

0.75 

0.6 

28743 

Sept.  25 

V.  slight. 

V.  slight. 

1.00 

5.50 

2.75 

.0020 

.0266 

.0242 

.0024 

.16 

.0050 

.0001 

1.30 

0.9 

29795 

Dec.  27 

V.  slight. 

V.  slight. 

0.86 

5.45 

2.60 

.0222 

.0222 

.0210 

.0012 

.19 

.0070 

.0001 

1.02 

1.0 

Odor,  generally  faintly  vegetable. 

Mic7'oscop ical  Examination . 

An  insignificant  number  of  organisms  was  found  in  each  of  these  samples,  except  in  the  June 
sample,  which  contained  14,800  Anabeena  Oscillaroids  per  cubic  centimeter. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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ATHOIi. 

Chemical  Examination  of  Water  from  Biicknam  Brook  Reservoir,  Athol. 

[Parts  per  100,000.] 


S 

o 
O 

o 

s 

Appeabancb. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

6 

s 

Nitrogen 

AS 

1 

c 
0 

c 
to 

& 
0 

■5 
3 

s 

1 
■3 

an 

"3 
u 

■3 
0 

c 
0 

0 

2 

Eh 

ALBUMINOID. 

1 

1 

1 

s 

"3 
0 

H 

■6 

0 
Q 

•d 
■a 

3  p- 

a 
•0 

W 

1899. 

26597 

Mar  .  28 

None. 

None. 

.20 

2.55 

0.80 

.0006 

.0074 

.0070 

.0004 

.09 

.0050 

.0000 

.31 

0.3 

27620 

June  28 

V.  Blight. 

Cons. 

.32 

2.85 

1.25 

.0016 

.0232 

.0164 

.0068 

.10 

.0000 

.0000 

.65 

0.6 

28742 

Sept.  25 

Decided. 

Cons. 

.65 

4.65 

2.20 

.0012 

.0360 

.0310 

.0050 

.20 

.0020 

.0000 

.96 

0.8 

29794 

Dec.  27 

V.  slight. 

V.  Blight. 

.39 

4.30 

1.70 

.0002 

.0160 

.0148 

.0012 

.19 
.14 

.0020 

.0001 

.65 
.64 

1.0 

Av... 

.39 

3.59 

1.49 

.0009 

.0206 

.0173 

.0033 

.0022 

.0000 

0  7 

Odor  of  the  first  and  last  samples,  none;  of  the  others,  faintly  vegetable,  becoming  stronger  on  heat- 


ing. 


Water  Supply  of  Attleborough. 
The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  Attleborough,  relative  to  the  quality  of  the  water  supplied 
to  that  town,  may  be  found  on  pages  5  and  6  of  this  volume. 

Chemical  Examination  of  Water  from  the  Well  of  the  Attleborotigh  Water  Works. 

[Parts  per  100,000.] 


o 

Appearance. 
■ 

c 

o 

Ammonia. 

Nitrogen 
as 

■d 

a 

u 

M 
a 

o 

■3 
3 

c 

.1 
■3 

II 

=  > 

6 

o 
a 

o 

1 

i 

1 

i 

'A 

Q 

H 

m 

o 

M 

fe 

■< 

O 

'A 

g 

o 

M 

1899. 

25885 

Jan.     9 

None. 

V.  Blight 

.00 

3.60 

.0000 

.0012 

.34 

.0080 

.0000 

.03 

2.0 

.0010 

26155 

Feb.     6 

None. 

None. 

.00 

4.30 

.0000 

.0018 

.33 

.0090 

.0001 

.04 

2.1 

.0030 

26450 

Mar.  10 

None. 

None. 

.00 

4.70 

.0000 

.0012 

.31 

.0140 

.0000 

.04 

2.0 

.0010 

26764 

Apr.  14 

None. 

None. 

.02 

3.90 

.0000 

.0014 

.28 

.0120 

.0000 

.04 

l.R 

.0030 

27053 

May     9 

None. 

None. 

.00 

3.70 

.0000 

.0010 

.30 

.0160 

.0000 

.04 

1.3 

.0030 

27457 

June  15 

None. 

V.  slight. 

.00 

2.40 

.oouo 

.0022 

.29 

.0110 

.0000 

.04 

1.8 

.0020 

27723 

July  11 

None. 

None. 

.00 

3.90 

.0000 

.0024 

.27 

.0090 

.0000 

.04 

1.3 

.0030 

28262 

Ausr.  16 

None. 

V.  slight. 

.00 

4.40 

.0000 

.0026 

.28 

.0070 

.0000 

.06 

1.7 

.0040 

28576 

Sept.  12 

None. 

None. 

.00 

3.80 

.0000 

.0014 

.30 

.0160 

.0000 

.02 

2.0 

.0070 

28942 

Oct.    10 

None. 

v.  slight. 

.00 

4.30 

.0000 

.0034 

.31 

.0090 

.0000 

.04 

2.2 

.0030 

29274 

Nov.     7 

None. 

None. 

.06 

4.00 

.0002 

.0028 

.32 

.0140 

.0000 

.07 

2.3 

.0020 

29645 

Dec    12 

None. 

None. 

.07 

3.60 

.0002 

.0042 

.33 

.0070 

.0000 

.06 

1.7 

.0020 

Av... 

.01 

3.88 

.0000 

.0021 

.30 

.0110 

.0000 

.04 

1.8 

.0028 

Odor,  none. Nob.  25885,  26155  and  27723  were  collected  from  the  well;  the  others,  from  a  faucet 

at  the  pumping  station,  while  pumping. 
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AVON. 


Water  Supply  of  Avon. 

Chemical  Examination  of  Water  from  the  Well  of  the  Avon  Water  Works. 

[Parts  per  100,000.] 


Ammonia. 

NiTEOGEN 

•d 

a 

§1 

!° 

6 

a 

.^ 

o 

3  > 

a 

i'a 

c 
o 

1 

'C 

go 

bo 

e 
■a 

S 

O 

(A 

^ 

■< 

d 
.36 

;z; 

S 

O 

M 

fi 

Average  of  five  samples  collected 

in  June, 

.01 

3.50 

.0001 

.0008 

.0224 

.0000 

.02 

0.9 

.0038 

July,  August, 

September  and 

October, 

1899. 

Odor,  none. 


Water  Supply  of  Ayer. 

Chemical  Examination  of  Water  from  the  Well  of  the  Ayer  Water  Works, 

[Parts  per  100,000.] 


d 

Ammonia. 

Nitrogen 

"d 

S  > 

c 

§ 

m 

a 

i 

s 

o 

i 

K 

o 

sa 

i 

1^ 

_o 

2 

s 

be 
X 

g 

U 

2J 

£ 

-« 

.46 

^    '    z 

o 

V 

Average  of  six  samples  collected  in  May, 

.01 

5.85 

.0001 

.0012 

.0415 

.0000 

.03 

2.3 

.0022 

June,  July,  August,  September  and  Oc- 

tober, 1899. 

Odor,  none. 

Water  Supply  of  Barre.  —  Barre  Water  Company. 

Chemical  Examination  of  Water  from  the  Reservoir  of  the  Barre  Water  Company. 

[Parts  per  100,000.] 


a 
o 

■s 

o 

O 

o 

1 

Q 

Appearance. 

RESIDnE  ON 

Evapora- 
tion. 

Ammonia. 

a 
o 

3 

.12 

.09 
.10 
.14 
.11 

Nitrogen 

AS 

a 

3 

J 

g 

1 

S 

1 

la 

o 

3 

Eh 

ALBUMINOID. 

1 

a 

"  a 

t2i 

S 

a 

o 
o 
O 

o 

■6 
> 

5 

•6 

■a 
,  g 

3  P. 

e 
1 

a 

25844 
26680 
27677 
28882 

1899. 

Jan.     4 

Apr.    5 
July    6 
Oct.     4 

V.  slight. 
None. 
V.  slight. 
Slight. 

V.  slight. 
V.  slight. 
V.  slight. 
Slight. 

.13 
.10 
.03 
.05 

2.60 
2.50 
2.80 
3.75 

1.00 
1.10 
1.05 
1.50 

.0002 
.0006 
.0024 
.0056 

.0096 
.0106 
.0190 
.0368 
.0190 

.0094 

.0102 
.0144 
.0326 

.0002 
.0004 
.0046 
.0042 
.0024 

.0180 
.0130 
.0020 
.0020 

.0000 

.0000 
.0000 
.0000 
.0000 

.24 
.21 
.26 
.29 
.25 

1.0 

0.8 
0.6 
1.8 

Av... 

.08 

2.91 

1.16 

.0022 

.0166 

.0087 

0.9 

Odor,  faintly  vegetable  or  none. The  first  sample  was  collected  from  a  faucet  on  the  main  pipe 

line;  the  others,  from  the  reservoir. 
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BELMONT. 

"Watee  Supply  of  Belmont. 
(See  Metropolitan  Water  District,  pages  127-152.) 

Water  Supply  of  Beverly. 
(See  Salem.) 


Water  Supply  of  Billerioa. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Billerica  Water  Works. 

[Parts  per  100,000.] 


S 

o 

Appkaeance. 

3  !> 

Ammonia. 

1 

Nitrogen 

AS 

-i 

a 

K 

o 

1 

1 

s 

1^ 

■-3 

3 

•5 

m 

o 

5 

s 

o 

a 

< 

1 

2 

1899. 

26407 

Mar.    7 

V.  slight. 

V.  slight. 

.01 

5.70 

.0000 

.0008 

.23 

.0050 

.0000 

.05 

2.1 

.0070 

26629 

Mar.  30 

V.  slight. 

None. 

.00 

5.40 

.0000 

.0010 

.25 

.0090 

.0000 

.02 

2.0 

.0010 

26931 

Apr.  24 

V.  slight. 

V.  slight. 

.04 

5.50 

.0000 

.0006 

.25 

.0070 

.0000 

.02 

2.0 

.0100 

27228 

May  22 

V.  slight. 

Slight. 

.03 

5.40 

.0000 

.0014 

.24 

.0100 

.0000 

.03 

1.8 

.0070 

2T626 

June  28 

V.  slight. 

V.  Blight. 

.03 

5.50 

.0000 

.0016 

.25 

.0090 

.0000 

.03 

1.8 

.0130 

27918 

July  26 

None. 

None. 

.00 

5.50 

.0000 

.0006 

.26 

.0130 

.0000 

.03 

2.0 

.0010 

28466 

Sept.   1 

V.  slight. 

V".  slight. 

.03 

5.80 

.0000 

.0012 

.25 

.0080 

.0000 

.04 

2.0 

.0070 

28792 

Sept.  25 

V.  slight. 

V.  slight. 

.02 

5.80 

.0004 

.0014 

.23 

.0090 

.0000 

.05 

1.7 

.0060 

29203 

Oct.   30 

V.  slight 

V.  slight. 

.05 

6.10 

.0008 

.0010 

.24 

.0070 

.0000 

.05 

2.0 

.0100 

29481 

Nov.  22 

V.  slight. 

Blight. 

.04 

5.80 

.0002 

.0016 

.26 

.0070 

.0000 

.07 

2.2 

.0250 

29812 

Dec.  26 

Slight, 

V.  slight. 

.05 

5.60 

.0006 

.0014 

.23 

.0070 

.0000 

.04 

2.2 

.0180 

Av..* 

.03 

5.65 

.0002 

.0012 

.24 

.0084 

.0000 

.04 

2.0 

.0101 

Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pumping  station. 

mean  analysis  for  that  month  has  been 


*  Where  more  than  one  sample  was  collected  in  a  month,  the 
used  in  making  the  average. 


Blackstone. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Black- 
stone,  relative  to  a  proposed  water  supply  for  that  town,  may  be 
found  on  pages  7  and  8  of  this  volume.  The  results  of  analyses 
of  samples  of  water  collected  from  various  sources  in  the  town  and 
vicinity  are  given  in  the  following  tables  :  — 
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-BliACKSTONE. 

Chemical  Examination  of  Water  from  Various  Surface  Water  Sources  in  Black- 
stone  and  Vicinity. 

[Parts  per  100,000.] 


1 

0 

Q 

Appearance. 

Residue  ox 
Evapora- 
tion. 

Ammonia. 

1 

NiTKOGEN 

AS 

T3 

B 

0 
0 

c 
§1) 

>< 
0 

■5 
3 

a 

0 

6 

p 

0 
0 

albuminoid. 

c 

3 
s 

1 

'0 
S 

■a 

■a 

,  c 

3  p. 

c 
1 

1899. 

29584 

Dec.     5 

Slight. 

Cons. 

.36 

2.85 

1.35 

.0010 

.0344 

.0262 

.0082 

.25 

.0010 

.0000 

.47 

0.3 

29585 

Dec.     5 

V.  slight. 

V.  slight. 

.57 

3.65 

1.40 

.0010 

.0156 

.0144 

.0012 

.27 

.0010 

.0000 

.60 

0.5 

29586 

Dec.    5 

V.  Blight. 

V.  slight. 

.63 

4.05 

1.75 

.0024 

.0200 

.0178 

.0022 

.29 

.0010 

.0000 

.73 

0.5 

29587 

Dec.    5 

V.  slight. 

V.  slight. 

.68 

4.70     1.90 

.0012 

.0226 

.0204 

.0022 

.30 

.0010 

.0000 

.85 

1.0 

Odor  of  the  first  two  samples,  none,  becoming  faintly  vegetable  on  heating;  of  the  third,  none,  becom- 
ing distinctly  fishy  on  heating;  of  the  last,  faintly  vegetable,  becoming  distinctly  vegetable  on  heating. 

The  first  sample  was  collected  from  the  outlet  of  the  upper  pond  on  Ironstone  Brook  in  South 

Smithfield,  R.  I.;  the  second,  from  the  westerly  branch  of  Ironstone  Brook,  at  the  point  where  it  joins 
.the  southerly  branch;  the  third,  from  Emerson  Brook,  in  Uxbridge,  at  the  outlet  of  Lee's  Pond;  the 
last,  from  Fox  Brook,  in  Blackstone,  at  the  outlet  of  Crane's  Ice  Pond,  about  1|  miles  above  the  mouth 
of  the  brook. 

Chemical  Examination  of  Water  from  Springs  in  Uxbridge. 

[Parts  per  100,000.] 


c 

Appearance. 

Ammonia. 

Nitrogen 

■a 

AS 

B 

<a 

1 

0 

C3 

•5 

3 

3 

1 

■3 

c 

0 

3  > 

CU 

•a 
c 
c 

0 

2 

5 

5" 

c 

c 
0 

ia 

Q 

B 

cc 

0 

« 

C=H 

< 

0 

^ 

g 

0 

K 

1899. 

29623 

Dec.  11 

None. 

V.  slight. 

.02 

2.70 

.0000 

.0006 

.25 

.0730 

.0000 

.01 

0.5 

.0030 

29624 

Dec.  11 

None. 

V.  slight. 

.00 

3.20 

.0000 

.0000 

.27 

.0030 

.0000 

.01 

1.1 

.0030 

Odor,  none. The  first  sample  was  collected  from  a  spring  at  the  base  of  a  bluff  just  south  of  the 

confluence  of  Ironstone  Brook  and  Blackstone  River;  the  last,  from  a  spring  just  below  the  site  of  an 
old  dam  near  the  mouth  of  Ironstone  Brook. 


Water   Supply  of   Boston. 

(See  MetrojJolitan  Water  District,  pages  127-152.) 
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Water  Supply  or  Braintree. 


BBAINTREE. 


Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Braintree  Water 

Works. 

[Parts  per  100,000.] 


e 

o 

■+-» 
Q 

Appearance. 

d 
o 

Ammonia. 

c 
-u 
o 
ic 
O 

NiTBOGEN 
AS 

■6 

i 

c 

go 

to 

o 

c 

o 

a 

3 
65 

■5 

a 

i 

o 

6 

s 

o 
c 

2 

g 

1899. 

25839 

Jan.     4 

None. 

None. 

.05 

5.10 

.0014 

.0054 

.87 

.0260 

.0000 

.11 

2.0 

.0050 

26102 

Feb.     1 

None. 

None. 

.03 

5.80 

.0014 

.0032 

.90 

.0620 

.0001 

.10 

2.2 

.0020 

26372 

Mar.    1 

None. 

None. 

.06 

5.50 

.0026 

.0046 

.86 

.0280 

.0000 

.10 

2.1 

.0030 

26673 

Apr.    5 

None. 

None. 

.04 

5.00 

.0014 

.0038 

.76 

.0510 

.0000 

.08 

1.7 

.0040 

27009 

May     3 

None. 

None. 

.03 

5.00 

.0000 

.0022 

.78 

.0830 

.0001 

.07 

1.4 

.0070 

27340 

June    6 

None. 

None. 

.04 

5.00 

.0016 

.0046 

.76 

.0240 

.0000 

.10 

1.7 

.0050 

27683 

July    6 

None. 

None. 

.03 

4.70 

.0008 

.0040 

.73 

.0120 

.0000 

.11 

1.7 

.0030 

28033 

Aug.   2 

None. 

V.  slight. 

.01 

5.40 

.0000 

.0024 

.81 

.0350 

.0000 

.08 

2.0 

.0050 

28488 

Sept.   5 

None. 

None. 

.07 

5.40 

.0034 

.0054 

.79 

.0100 

.0000 

.12 

1.6 

.0130 

28900 

Oct.     5 

None. 

V.  slight. 

.05 

5.10 

.0034 

.0060 

.82 

.0380 

.0000 

.07 

2.0 

.0050 

29215 

Nov.    2 

None. 

None. 

.03 

5.30 

.0036 

.0054 

.78 

.0260 

.0001 

.10 

2.8 

.0030 

29583 

Dec.    5 

None. 

None. 

.05 

5.10 

.0050 

.0056 

.84 

.0410 

.0000 

.09 

2.0 

.0060 

Av... 

.04 

5.20 

.0020 

.0044 

.81 

.0363 

.0000 

.09 

1.9 

.0051 

Odor,  none. Nos.  25839,  26102,  26372,  26673  and  28900  were  collected  from  the  filter-gallery; 

others,  from  a  faucet  at  the  pumping  station. 

Chemical  Examination  of  Water  from  Little  Pond,  Braintree. 

[Parts  per  100,000.] 


Residue  on 

a 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

a 

3 

c 

c 

albuminoid. 

^ 

o 

>> 

■o 

-d 

. 

o 

i 

1 

s 

o 

IS 
la 

3 

a 

•a 

S 

o 

S 

53 

> 
o 

3  P, 

a 
o 

a 

Li 

't, 

c 

03 

!s 

Q 

^ 

oo 

Q 

Eh 

>A 

li. 

H 

Q 

03 

a 

'A 

S5 

o 

a 

1899. 

26101 

Feb.     1 

Slight. 

V  slight. 

.30 

4.75 

2.50 

.0022 

.0248 

.0216 

.0032 

.85 

.0080 

.0001 

.60 

1.1 

26672 

Apr.    5 

Slight. 

Slight. 

.22 

3.25 

1.25 

.0008 

.0176 

.0158 

.0018 

.63 

.0080 

.0001 

.35 

0.6 

27339 

June    6 

V.  slight. 

Cons. 

.20 

3.35 

1.25 

.0006 

.0236 

.0186 

.0050 

.64 

.0000 

.0000 

.40 

0.6 

28032 

Aug.    2 

V.  slight. 

Cons. 

.16 

3.85 

1.30 

.0004 

.0236 

.0198 

.0038 

.73 

.0000 

.0001 

.39 

1.0 

28487 

Sept.   5 

Slight. 

Slight. 

.18 

4.30 

1.75 

.0006 

.0300 

.0286 

.0014 

.74 

.0010 

.0000 

.38 

0.6 

28899 

Oct.     6 

V.  slight. 

Slight. 

.11 

3.60 

1.00 

.0006 

.0246 

.0220 

.0026 

.74 

.0010 

.0000 

.38 

1.0 

29582 

Dec.    5 

Slight. 

Cons. 

.18 

4.10 

1.45 

.0030 
.0012 

.0274 

.0218 

.0056 

.74 

.72 

.0030 

.0000 
.0000 

.39 
.40 

1.3 

Av... 

.19 

3.89 

1.50 

.0245 

.0212 

.0033 

.0030 

0.9 

Odor,  generally  faintly  vegetable,  becoming  stronger  on  heating. 
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bridgewater  and  east  bridgewateb. 

Water  Supply  of  Bridgewater  and  East  Bridgewater.  —  The 
Bridgev/aters  Water  Company. 

Chemical  Exammatio?i  of  Water  from  the  Wells  of  the  Bridgewaters  Water  Company. 

[Parts  per  100,000.] 


B 

Appearance. 

c 

Ammonia. 

Nitrogen 

■c 

s 

s 

3 

o 

'•3 

3 

.1 

■3 

i 

3  > 

1 

c 

c 
o 

.2 

% 

-3 

03 

a 
o 

IZi 

a 

Eh 

oc 

o 

M 

^ 

< 

O 

'A 

'A 

o 

W 

w 

1899. 

27218 

May  24 

V.  slight. 

Cons., 
white  floe. 

.20 

7.00 

.0000 

.0010 

.42 

.0030 

.0000 

.02 

2.0 

.0200 

27577 

June  26 

Decided. 

CODB., 

whitefloc. 

.17 

9.30 

.0010 

.0014 

.42 

.0020 

.0000 

.04 

2.5 

.0700 

27866 

July  23 

Slight, 

milky. 
Slight, 

V.  slight. 

.10 

6.10 

.0010 

.0010 

.44 

.0050 

.0000 

.03 

2.0 

.0200 

28335 

Aug.  23 

Slight. 

.11 

8.60 

.0018 

.0020 

.39 

.0030 

.0000 

.06 

2.6 

.0900 

milky. 

rusty. 

28721 

Sept.  25 

Slight, 
milky. 

Slight. 

.22 

7.20 

.0010 

.0082 

.50 

.0620 

.0001 

.27 

2.0 

.0150 

29118 

Oct.   24 

Decided, 
milky. 

Cons., 
rusty. 

.15 

8.50 

.0010 

.0008 

.43 

.0040 

.0000 

.01 

2.9 

.0550 

Av... 

.16 

7.78 

.0010 

.0024 

.43 

.0132 

.0000 

.07 

2.3 

.0450 

Odor,  none. 


■  The  samples  were  collected  from  a  faucet  at  the  pumping  station. 


Water  Supply  or  Brockton. 

Chemical  Examination  of  Water  from  Salisbzcry  Brook  at  its  Entrance  to  the 

Storage  Reservoir. 

[Parts  per  100,000.] 


Kesiduk  on 

a 
o 

a 

i 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

1 

B 
o 

o 

§ 

albuminoid. 

>. 

•6 

•d 

1 

3 

o 

"3 
S 

3 

1 

-3 

o 

s 

=  5; 
o 

o 

1 

o 

■a 
1  c 

3  P. 

c 

rt 

u 

£ 

1 

X 

a 

is 

Q 

E-i 

CO 

o 

t^ 

iJ 

EC4 

H 

a 

X 

O 

2 

iz; 

o 

W 

1899. 

25845 

Jan.     4 

None. 

V.  slight. 

0.60 

3.95 

1.75 

.0000 

.0132 

.0120 

.0012 

.40 

.0010 

.0000 

0.64 

1.0 

26157 

Feb.     6 

None. 

V.  slight. 

0.49 

3.70 

1.50 

.0004 

.0128 

.0112 

.0016 

.37 

.0040 

.0002 

0.56 

0.8 

26367 

Mar.    1 

V.  slight 

V.  slight.  0.43 

3.05 

1.35 

.0000 

.0126. 0122 

.0004 

.24 

.0010 

.0000 

0.54 

0.6 

26670 

Apr.    5 

V.  Blight. 

Slight.      0.44 

2.45 

1.30 

.0002 

.0148!. 0134 

.0014 

.26 

.0050 

.0000 

0.56 

0.2 

27002 

May     3 

Slight. 

Slight. 

0.50 

2.65 

1.45 

.0012 

.0194 

.0180 

.0014 

.24 

.0030 

.0000 

0.58 

0.3 

27333 

June    6 

Slight. 

Slight. 

0.42 

2.50 

1.35 

.0006 

.0216 

.0184 

.0032 

.30 

.0010 

.0000 

0.55 

0.2 

27672 

July     6 

Slight. 

Cons. 

0.56 

3.15 

1.90 

.0004 

.0252 

.0206 

.0046 

.30 

.0000 

.0000 

0.61 

0.2 

28029 

Aug.    2 

Slight. 

Slight. 

0.52 

3.75 

1.50 

.0004 

.0220 

.0206 

.0014 

.36 

.0030 

.0001 

0.53 

0.2 

28489 

Sept.   5 

Slight. 

Slight. 

0.46 

3.35 

1.45 

.0028 

.0296 

.0248 

.0048 

.33 

.0000 

.0000 

0.38 

0.2 

28884 

Oct.     4 

V.  slight. 

V.  slight. 

0.71 

8.50 

3.65 

.0004 

.0352 

.0340 

.0012 

.36 

.0020 

.0000 

1.41 

2.3 

29207 

Nov.    1 

V.  slight 

Slight. 

1.70 

7.75 

4.00 

.0006 

.0458 

.0442 

.0016 

.47 

.0030 

.0000 

2.04 

1.3 

29570 

Dec.     5 

None. 

V.  slight. 

1.08 

5.35 

2.35 

.0002 

.0258 

.0244 

,0014 

.41 
.34 

.0010 

.0000 

1.22 
0.80 

1.3 

Av... 

0.66 

4.18 

1.96 

.0006 

,023^ 

021? 

.0020 

.0020 

.0000 

0.7 

Odor,  generally  faintly  vegetable,  sometimes  becoming  stronger  on  heating. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


1G3 


BROCKTON. 

Chemical  Examination  of  Water  from  Salisbury  Brook  Storage  Reservoir. 

[Parts  per  100,000.] 


c 

S: 

O 
U 

o 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

S 

Nitrogen 
as 

a 

a 

c 
o 

o 
c 
S) 

& 

o 

3 

Eh 

1 

'■5 

O 

6 

3 

s 

o 

§1 

o 

6 

albuminoid. 

1 

s 

a 
1 

"3 
o 
H 

■2 
> 

o 

5 

■a 
,  c 

03 

a 

25846 

1899 

Jan. 

4 

V.  slight. 

V.  slight. 

.60 

4.15 

1.75 

.0000 

.0180 

.0168 

.0012 

.41 

.0010 

.0000 

.73 

0.8 

26158 

Feb. 

6 

V.  slight. 

V.  Blight. 

.60 

3.30 

1.55 

.0006 

.0160 

.0136 

.0024 

.34 

.0020 

.0001 

.58 

1.0 

26368 

Mar. 

1 

V.  slight. 

V.  slight. 

.42 

3.25 

1.50 

.0010 

.0148 

.0144 

.0004 

.34 

.0040 

.0000 

.53 

0.3 

26671 

Apr. 

5 

V.  Blight. 

Slight. 

.32 

1.90 

1.00 

.0000 

.0132 

.0122 

.0010 

.23 

.0010 

.0000 

.38 

0.2 

27003 

May 

3 

V.  slight. 

V.  slight. 

.35 

2.30 

1.15 

.0012 

.0176 

.0150 

.0026 

.22 

.0010 

.0000 

.50 

0.0 

27334 

June 

6 

Slight. 

Slight. 

.40 

2.45 

1.20 

.0002 

.0188 

.0162 

.0026 

.31 

.0010 
.0020 

.0000 

.55 

0.2 

27673 

July 

6 

Slight. 

Cons. 

.49 

2.30 

1.00 

.0000 

.0202 

.0176 

.0026 

.29 

.0000 

.58 

0.3 

28030 

Aug. 

2 

Slight. 

Cons. 

.44 

2.80 

1.10 

.0000 

.0224 

.0180 

.0044 

.31 

.0010 

.0000 

.58 

0.2 

28490 

Sept. 

5 

Slight. 

Blight. 

.46 

3.45 

1.55 

.0020 

.0316 

.0232 

.0084 

.30 

.0020 

.0000 

.52 

0.2 

28885 

Oct. 

4 

Slight. 

Cons. 

.44 

3.85 

1.80 

.0008 

.0340 

.0256 

.0084 

.33 

.0010 

.0000 

.57 

0.8 

29208 

Nov. 

1 

Slight. 

Blight. 

.56 

4.60 

1.60 

.0012 

.0362 

.0268 

.0094 

.32 

.0010 

.0000 

.67 

0.8 

29571 

Dec. 

5 

Slight. 

V.  slight. 

.77 

4.55 

1.80 

.0014 

.0290 

.0256 

.0034 

.36 

.0010 

.0000 

.77 

1.0 

Averages  by  Tears. 


891 

892 
893 


897 


- 

.76 

3.76 

1.61 

.0031 

.0369 

- 

- 

.31 

.0066 

.0001 

- 

- 

.78 

2.79 

1.01 

.0028 

.0306 

.0218 

.0088 

.30 

.0048 

.0002 

- 

- 

.75 

4.07 

1.98 

.0016 

.0274 

.0219 

.0055 

.32 

.0063 

.0001 

- 

- 

.62 

3.15 

1.45 

.0010 

.0213 

.0169 

.0044 

.28 

.0061 

.0001 

- 

- 

.55 

3.41 

1.37 

.0004 

.0213 

.0168 

.0045 

.36 

.0030 

.0000 

- 

- 

.67 

3.59 

1.70 

.0007 

.0237 

.0196 

.0041 

.40 

.0019 

.0001 

.65 

- 

.81 

3.71 

1.63 

.0012 

.0228 

.0188 

.0040 

.44 

.0021 

.0000 

.66 

- 

.80 

3.75 

1.86 

.0009 

.0263 

.0224 

.0039 

.43 

.0018 

.0000 

.74 

- 

.64 

3.59 

1.55 

.0007 

.0224 

.0186 

.0038 

.38 

.0022 

.0000 

.66 

- 

.85 

3.80 

1.72 

.0011 

.0236 

.0195 

.0041 

.44 

.0020 

.0000 

.75 

- 

.73 

3.72 

1.92 

.0009 

.0237 

.0207 

.0030 

.37 

.0012 

.0000 

.79 

- 

.48 

3.24 

1.40 

.0007 

.0226 

.0187 

.0039 

.31 

.0015 

.0000 

.58 

Note  to  analyses  of  1899:  Odor,  generally  faintly  vegetable,  becoming  stronger  and  occasionally 

fishy  or  oily  on  heating. The  samples  were  collected  from  the  reservoir,  near  the  gate-house,  1  foot 

beneath  the  surface. 
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BKOCKTON^. 

Microscopical  Examination  of  Water  from  Salisbury  Brook  Storage  Reservoir. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May.  June. 


July.  Aug 


Sept, 


Oct.    Nov,  Dec. 


Day  of  examination, 
Number  of  sample, 


5 
25846 


7 
26158 


2 
26368 


6 
26671 


4 
27003 


7 
27334 


7 
27673 


3 

28030 


28490 


5 

2 

28885 

29208 

740 

400 

296 

40 

0 

8 

50 

116 

8 

44 

386 

188 

52 

8 

0 

0 

6 
29571 


PLANTS. 
Diatomacese, 

Asterionella, 
Cyclotella,     . 
Melosira, 
Synedra, 
Tabellaria,    . 

Algae, 

Staurastrum, 

ANIMALS, 
Infusoria, 

Cercomonas, 
Dinobryon,   . 
Monas,  . 
Peridinium,  . 
Uroglena, 

Vermes,  . 

Crustacea,    . 

Bosmina, 
Cyclops, 
Oaphnia,        .        . 

Miscellaneous,  Zobglcea, 

Total,  . 


254 


0 

0 

30 

160 


930 


18 

0 

326 


1,656 

116 

100 

0 

1,200 

240 


13 

49 

85 

0 

0 

0 

0 

26 

39 

0 

0 

0 

7 

12 

39 

0 

I 

0 

1 

0 
2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

157 

U 

142 

0 
2 
1 


pr, 


1,162|  1,736 

0         0 

1,126  1,720 

0         0 

2         0 
18       12 


pr.  pr, 

0  c 

0  pr 

pr.  0 


15       10       3 


61       63     108 


231     102       295 


1,021 


1,848 


1,979  2,158    110 


Water  Supply  of  Brookline. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Brook- 
line,  relative  to  enlarging  the  yield  of  the  present  sources  of  water 
supply  of  that  town,  may  be  found  on  pages  8  to  10  of  this  volume. 
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BROOKLINE. 

Chemical  Examination  of  Water  from,  a  Faucet  at  the  Lotv-service  Pumping 
Station  of  the  Brookline  Water  Works. 

[Parts  per  100,000.] 


S 
o 

T 

03 
O 

Appearance. 

c 

o 

"a 

°  P. 
2  °* 
B  > 

Ammonia. 

i 

NlTBOGBN 
AS 

-a 
1 

3 
C 

a 

s 

a 

3 

2 

3 
a 

1 

■3 

CO 

o 
o 
O 

tH 

^ 

o 
a 

< 

1 
g 

i 

1899. 

25969 

Jan.   17 

None. 

None. 

.03 

7.80 

.0016 

.0036 

.55 

.0220 

.0001 

11 

4.2 

.0010 

26280 

Feb.  20 

None. 

None. 

.00 

8.50 

.0016 

.0028 

.55 

.0320 

.0001 

11 

4.3 

.0010 

26470 

Mar.  13 

None. 

None. 

.06 

8.00 

.0014 

.0036 

.52 

.0170 

.0001 

10 

3.9 

.0010 

26707 

Apr.  10 

None. 

None. 

.05 

7.20 

.0010 

.0030 

.48 

.0140 

.0001 

13 

3.6 

.0010 

27125 

May  16 

None. 

None. 

.01 

8.20 

.0020 

.0030 

.54 

.0410 

.0001 

09 

4.2 

.0020 

27520 

June  20 

None. 

None. 

.02 

9.30 

.0018 

.0030 

.56 

.0400 

.0002 

08 

4.6 

.0020 

27797 

July  17 

None. 

None. 

.04 

8.60 

.0016 

.0024 

.57 

.0380 

.0002 

08 

4.2 

.0010 

28212 

Aug.  14 

None. 

None. 

.02 

9.80 

.0026 

.0028 

.56 

.0410 

.0000 

09 

3.8 

.0020 

28648 

Sept.  18 

None. 

None. 

.03 

9.40 

.0020 

.0026 

.59 

.0430 

.0002 

09 

4.3 

.0020 

29035 

Oct.   17 

None. 

None. 

.04 

8.70 

.0026 

.0038 

.60 

.0320 

.0003 

11 

4.3 

.0050 

29371 

Nov.  13 

None. 

None. 

.01 

9.10 

.0028 

.0042 

.60 

.0370 

.0003 

08 

4.2 

.0050 

29688 

Dec.  18 

None. 

None. 

.03 

9.20 

.0028 

.0032 

.63 

.0210 

.0005 

06 

4.3 

.0030 

Averages  by  Years. 


1888 

- 

.04 

6.76 

.0002 

.0049 

.52 

.0326 

.0000 

- 

- 

1894 

- 

- 

.02 

9.01 

.0010 

.0017 

.65 

.0308 

.0001 

.06 

4.5 

1895 

- 

- 

.02 

9.15 

.0005 

.0026 

.60 

.0361 

.0000 

.07 

4.4 

1896 

- 

- 

.03 

8.48 

.0007 

.0031 

.57 

.0302 

.0000 

.10 

4.6 

1897 

- 

- 

.03 

9.02 

.0015 

.0041 

.56 

.0358 

.0000 

.10 

4.6 

1898 

- 

- 

.07 

8.85 

.0012 

.0041 

.56 

.0321 

.0001 

.13 

4.3 

1899 

- 

- 

.03 

8.65 

.0020 

.0032 

.56 

.0315 

.0002 

.09 

4.2 

.0035 
.0022 
0018 
.0012 
0032 
0022 


Note  to  analyses  of  '. 


Odor,  none. 
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ClilNTON  AND  LANCASTEK. 

Watee  Supply  of  Clinton  and  Lancastee. 

Chemical  Examination  of  Water  from  a  Faucet  supplied  from  the  Clinton  Water 

Works. 

[Parts  per  100,000.] 


Rbsiddb  on 

a 
o 

i 

Appearance. 

Evapora- 
tion. 

Ammonia. 

c 

J3 

Nitrogen 

AS 

§ 

s 

c 
o 
O 
a 
so 

2 
u 

a 

1 

■3 

i 

"3 

a 

a 

§1 

o 

ALBUMINOID. 

1 

Si 

B 

1 

•6 
■a 

iS 

3  n 

a 
1 

t2i 

Q 

H 

m 

o 

H 

^ 

Pi^ 

&H       q 

to 

o 

'A 

S 

O 

Ul 

1899. 

28516 

Bept.  5 

V.  Blight. 

V.  Blight. 

.10 

3.75 

1.00 

.0004 

.0070  .0068 

.0002 

.15 

.0040 

.0001 

.19 

1.0 

Odor,  none. 


Chemical  Examination  of  Water  from  Various  Sources  of  Water  Supply  in  Sterling. 

[Parts  per  100,000.] 




Residue  on 

a 
o 

1 

o 
2 

Appearance. 

Evapora- 
tion. 

Ammonia. 

a 
o 

Nitrogen 

AS 

a 

3 

a 

o 

1 

2 

a 
1 

i 

t 

a 
o 

albuminoid. 

1 

2 

.1 

1 

3 

•a 

1  a 

1 

1 

3 

si 

a 

o 

o 

o 

!z! 

Q 

H 

OD 

o 

b< 

hJ 

fc, 

_   H 

O 

ao 

O 

1899. 

28512 

Sept.   5 

None. 

Slight. 

.10 

4.35 

1.15 

.OOOli 

.0032 

.0032 

.0000 

.16 

.0030 

.0000 

.13 

1.0 

28513 

Sept.  6 

V 

Blight. 

V.  slight. 

.13 

4.10 

1.10 

.0012 

.0122 

.0108 

.0014 

.16 

.0060 

.0000 

.19 

1.0 

28514 

Sept.  5 

V 

Blight. 

V.  Blight. 

.32 

4.00 

1.55 

.0006 

.0190 

.0170 

.0020 

.19 

.0060 

.0001 

.47 

0.8 

Odor  of  the  first  two  samples,  very  faintly  vegetable  or  none ;  of  the  last,  decidedly  unpleasant. 

The  first  sample  was  collected  from  Spring  Brook;  the  second,  from  Spring  Basin;  the  last,  from 

Heywood  Brook. 


No.  34.]     EXAMINATION  OF  WATEE  SUPPLIES. 


167 


CAMBRIDGE. 


Water  Supply  of  Cambridge. 

Chemical  Examinatio7i  of  Water  from  Fresh  Pond,  Cambridge. 

[Parts  per  100,000.] 


a 
o 

Appeakance. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

Nitrogen 
as 

■6 

a 

a 

o 
O 

o 

"S 

■■3 

a 

■3 

c 

o 
o 
O 

3 

o 

c 
o 

§1 
o 

03 

albominoid. 

a 
1 

1 

a 
o 
o 

B 
!>. 
O 

1 

3 

3 

•a 
> 

i3 

1  G 

3  O, 

CO 

1 

1899. 

25841 

Jan.  3 

Slight. 

Slight. 

.30 

6.90 

1.85 

.0026 

.0220 

.0198 

.0022 

.58 

.0360 

.0006 

.45 

3.3 

26099 

Feb.  1 

Slight. 

Slight. 

.26 

7.15 

2.55 

.0004 

.0220 

.0190 

.0030 

.52 

.0400 

.0001 

.45 

3.0 

26364 

Mar.  1 

V.  slight. 

V.  slight. 

.23 

7.00 

2.40 

.0004 

.0176 

.0170 

.0006 

.54 

.0530 

.0001 

.41 

3.1 

26663 

Apr.  4 

Slight. 

Slight. 

.27 

7.10 

1.75 

.0008 

.0190 

.0188 

.0002 

.58 

.0680 

.0001 

.39 

3.1 

27000 

May  1 

V.  slight. 

Cons. 

.20 

6.80 

2.25 

.0046 

.0220 

.0174 

.0046 

.50 

.0660 

.0006 

.36 

3.3 

27310 

June  5 

V.  slight. 

Cons. 

.20 

6.70 

1.95 

.0034 

.0226 

.0162 

.0064 

.52 

.0400 

.0005 

.38 

2.9 

27662 

July  5 

V.  Blight. 

Cons. 

.18 

6.75 

1.95 

.0014 

.0246 

.0160 

.0086 

.50 

.0280 

.0007 

.37 

3.3 

28040 

Aug.  2 

V.  slight. 

Slight. 

.13 

7.10 

2.50 

.0016 

.0328 

.0274 

.0054 

.60 

.0240 

.0005 

.43 

3.1 

28522 

Sept.  6 

Slight. 

Cons. 

.15 

6.75 

2.05 

.0010 

.0564 

.0294 

.0270 

.60 

.0080 

.0005 

.44 

2.7 

28877 

Oct.  3 

Slight. 

Slight. 

.10 

6.75 

1.50 

.0040 

.0324 

.0252 

.0072 

.60 

.0140 

.0005 

.31 

3.0 

29185 

Oct.  31 

V.  slight. 

V.  slight. 

.10 

7.10 

2.05 

.0108 

.0240 

.0212 

.0028 

.59 

.0130 

.0006 

.35 

3.0 

29495 

Nov.  27 

V.  slight. 

Slight. 

.24 

6.75 

1.85 

.0270 

.0254 

.0200 

.0054 

.63 

.0090 

.0010 

.31 

3.0 

Averages  by 

Years. 

- 

1888 

- 

- 

.17 

11.14 

1.79 

.0132 

.0206 

- 

- 

1.10 

.0261 

.0007 

_ 

_ 

- 

1889 

- 

- 

.11 

9.86 

1.83 

.0145 

.0220 

.0170 

.0050 

0.90 

.0334 

.0008 

- 

- 

- 

1890 

- 

- 

.11 

8.90 

1.34 

.0098 

.0221 

.0168 

.0053 

0.83 

.0303 

.0004 

- 

4.1 

- 

1891 

- 

- 

.15 

7.94 

1.80 

.0095 

.0235 

.0162 

.0073 

0.75 

.0333 

.0004 

- 

3.8 

- 

1892 

- 

- 

.16 

7.23 

1.57 

.0086 

.0210 

.0161 

.0049 

0.67 

.0249 

.0003 

- 

3.4 

- 

1893 

- 

- 

.27 

6.66 

1.82 

.0106 

.0202 

.0165 

.0037 

0.58 

.0285 

.0006 

.40 

3.2 

- 

1894 

- 

- 

.30 

6.98 

1.81 

.0063 

.0199 

.0162 

.0037 

0.66 

.0183 

.0007 

.41 

3.1 

- 

1895 

- 

- 

.35 

7.43 

2.15 

.0054 

.0245 

.0189 

.0055 

0.69 

.0221 

.0004 

.47 

3.3 

- 

1896 

- 

- 

.29 

7.68 

2.10 

.0020 

.0220 

.0175 

.0045 

0.72 

.0372 

.0006 

.42 

3.4 

- 

1897 

- 

- 

.36 

7.87 

2.20 

.0046 

.0220 

.0176 

.0044 

0.66 

.0265 

.0006 

.42 

3.5 

- 

1898 

- 

- 

.35 

7.07 

2.27 

.0069 

.0232 

.0187 

.0045 

0.60 

.0320 

.0006 

.46 

3.2 

- 

1899 

- 

- 

.20 

6.90 

2.05 

.0048 

.0267 

.0206 

.0061 

0.56 

.0332 

.0005 

.39 

3.1 

Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  becoming  stronger  and  sometimes  also 

grassy  or  unpleasant  on  heating. The  samples  were  collected  from  the  pump  well  at  the  pumping 

station. 
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CAMBRIDGE. 

Microscopical  Examination  of  Water  from  Fresh  Pond,  Cambridge. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


July. 


Aug. 


Sept, 


Day  of  examination,  . 
Number  of  sample,    . 


4 
25841 


2    2 

2609926364 


3 

27000 


5 
27310 


27662 


2 
28040 


7 
28522 


5 

28877 


1 
29185 


27 
29495 


PLANTS. 
Diatomaceee, 

ABterionella, 
Cyclotella,     . 
Fragilaria,     . 
Meloiira, 
Stephanodiscus,  . 
Synedra, 
Tabellaria,    .        . 

Cyanophycese,  . 

Anabaena, 
Aphanizoraenon, . 
Microcystis, . 

Algse, 

Protococcus, 

ANIMAL8, 
Infusoria, 

Cryptomonas, 
Monas,  . 
Vorticella,     . 

Vermes,  . 
Anurea, 

Crustacea,    . 

Cyclops, 
Daphnia, 

Miscellaneous,  Zooglcea 

Total,  . 


634 

226 

222 

11 

2 

7 

32 

0 

80 

23 

32 

0 

46 

32 

220 

153 

1Q 

17 

0 

0 

10 

17 

0 

0 

18 

10 

0 

0 

8 

14 

0 

6 

0 

0 

0 

0 

2 

0 

2 

0 

0 

0 

0 

0 

0 

0 

1,184 

218 
0 

36 
732 

38 
144 

16 


662 

144 
0 
24 
32 
146 
172 
144 


150 


928 


274 


2,048 

1,312 

78 

126 

418 

0 

50 

62 


178 

156 


pr. 


pr. 


pr. 


pr. 


25 


677     275       48     183    1,303 


412 


2,242 


No.  34.]     EXAMINATION  OF  WATEE  SUPPLIES. 
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CAMBRIDGE. 

Chemical  Examination  of  Water  from  Stony  Brook  Storage  Reservoir,  Waltham. 

[Parts  per  100,000.] 


B 

o 
O 

o 

Appbarancb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

s 

Nitrogen 

AS 

•d 

a 

3 

c 
o 
o 

1 

o 

■3 

3   ■ 

a 
.1 

CO 

o 

8 

5 

o 

c 
o 

albuminoid. 

...) 

g 

'E 

S 

IZi 

"3 
o 

> 

a 

■a 

•a 

1  B 

3  a. 

GO 

C 
03 

1899. 

26832 

Jan.  3 

V.  slight. 

V.  slight. 

.33 

5.80 

2.25 

.0002 

.0240 

.0224 

.0016 

.40 

.0320 

.0002 

.50 

2.2 

26098 

Feb.  1 

Slight. 

V.  slight. 

.38 

5.50 

1.65 

.0010 

.0226 

.0214 

.0012 

.42 

.0300 

.0001 

.55 

2.1 

26376 

Mar.  1 

Slight. 

V.  slight. 

.30 

5.10 

1.95 

.0064 

.0172 

.0160 

.0012 

.40 

.0220 

.0002 

.45 

2.0 

26659 

Apr.  4 

V.  slight. 

V.  slight. 

.29 

4.75 

1.85 

.0002 

.0174 

.0156 

.0018 

.31 

.0220 

.0001 

.41 

1.7 

26980 

May  2 

V.  slight. 

V.  slight. 

.41 

4.60 

1.65 

.0006 

.0236 

.0214 

.0022 

.34 

.0140 

.0003 

.55 

1.6 

27809 

June  5 

Slight. 

V.  slight. 

.42 

5.35 

2.00 

.0002 

.0202 

.0178 

.0024 

.39 

.0100 

.0003 

.53 

2.0 

27636 

July  5 

Slight. 

Slight. 

.31 

4.75 

1.65 

.0000 

.0252 

.0216 

.0036 

.42 

.0100 

.0002 

.47 

2.2 

27949 

Aug.  1 

V.  slight. 

V.  slight. 

.20 

5.00 

1.60 

.0044 

.0246 

.0220 

.0026 

.44 

.0040 

.0001 

.48 

2.0 

28464 

Sept.  5 

V.  slight. 

Slight. 

.14 

4.75 

2.00 

.0002  .0240 

.0216 

.0024 

.34 

.0260 

.0000 

.35 

2. 

28855 

Oct.  3 

Slight. 

V.  slight 

.20 

6.20 

1.50 

.0032  .0228 

.0206 

.0022 

.42 

.0040 

.0000 

.38 

2.2 

29184 

Oct.  31 

Slight. 

Slight. 

.12 

5.10 

1.75 

.0010 

.0222 

.0204 

.0018 

.43 

.0030 

.0004 

.36 

2.2 

29493 

Nov.  27 

V.  slight. 

Slight. 

.27 

5.35 

1.75 

.0000 

.0218 

.0184 

.0034 

.43 

.0040 

.0001 

.44 

2.3 

Averages  by  Tears. 


1888 

- 

- 

.78 

5.15 

1.93 

.0031 

.0285 

- 

- 

.34 

.0169 

.0002 

- 

1889 

- 

- 

.87 

4.59 

1.47 

.0032 

.0280 

.0249 

.0031 

.38 

.0162 

.0003 

-. 

1890 

- 

- 

.61 

5.86 

2.02 

.0016 

.0222 

.0182 

.0040 

.37 

.0208 

.0002 

- 

1891 

- 

- 

.56 

4.99 

1.86 

.0016 

.0213 

.0183 

.0030 

.34 

.0163 

.0001 

- 

1892 

- 

- 

.72 

5.43 

1.79 

.0015 

.0241 

.0202 

.0039 

.37 

.0208 

.0001 

- 

1893 

- 

- 

.66 

5.32 

1.97 

.0020 

.0235 

.0196 

.0039 

.44 

.0208 

.0001 

.60 

1894 

- 

- 

.73 

5.61 

2.03 

.0018 

.0211 

.0189 

.0022 

.46 

.0174 

.0001 

.64 

1895 

- 

- 

.84 

5.90 

2.41 

.0015 

.0280 

.0235 

.0045 

.49 

.0253 

.0001 

.79 

1896 

- 

- 

.61 

5.98 

2.08 

.0026 

.0250 

.0219 

.0031 

.49 

.0219 

.0001 

.65 

1897 

- 

- 

.69 

6.40 

2.32 

.0026 

.0273 

.0236 

.0037 

.47 

.0204 

.0002 

.66 

1898 

- 

- 

.69 

5.67 

2.40 

.0014 

.0246 

.0220 

.0026 

.46 

.0182 

.0002 

.66 

1899 

- 

- 

.28 

5.10 

1.80 

.0014 

.0221 

.0199 

.0022 

.39 

.0151 

.0002 

.46 

Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable,  becoming  stronger  and  sometimes  also 

unpleasant  or  mouldy  on  heating. The  samples  were  collected  from  the  reservoir,  near  the  surface 

at  the  dam. 
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CAMBRIDGE. 

Chemical  Examination  of  Water  from  the  Upper  Basin  on  Eobbs  Brook. 

[Parts  per  100,000.] 


i 

o 
O 

o 

Appeaeancb. 

Kesidde  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

s 

o 

NiTKOGKN 

AS 

■a 

a 

a 

c 
o 
o 

c 

4) 
60 
>> 

B 

S 

3 

S 

a 

CD 

o 
o 
Q 

'3 

c 
o 

o 
1-5 

iri 
i^ 

albuminoid. 

1 

2 

1 

S5 

o 

> 

1 

s 

•a 
,  c 

s  p. 

CO 

c 

1S9S 

. 

26631 

Apr. 

1 

V.  slight. 

V.  slight. 

.47 

3.95 

1.65 

.0044  .0190 

.0158 

.0032 

.28 

.0210 

.0001 

.u. 

1.1 

269S1 

May 

1 

Slight. 

Slight, 

.50 

4.40 

1.90 

.0044  .0284 

.0228 

.0056 

.25 

.0110 

.0002 

.67 

1.3 

27316 

June 

5 

Decided. 

Cons. 

.47 

4.60 

2.15 

.0024  .0308 

.0244 

.0064 

.28 

.0020 

.0000 

.77 

l.T 

27642 

July 

5 

Decided. 

Cons. 

.40 

5.00 

1.85 

.0002  .0322 

.0264 

.0058 

,30 

.0030 

.0000 

.65 

1.8 

28018 

Aug. 

2 

Decided. 

Slight. 

.26 

5.20 

2.15 

.0008 

.0290 

.0240 

.0050 

.37 

.0020 

.0000 

.62 

1.8 

28478 

Sept. 

5 

Decided. 

Cons. 

.24 

5.45 

2.25 

.0084 

.0504 

.0378 

.0126 

.36 

.0030 

.0000 

.62 

1.8 

28861 

Oct. 

3 

Decided. 

Cons. 

.24 

5.50 

2.00 

.0000 

.0428  .0320 

.0108 

.36 

.0000 

,0000 

.62 

1.7 

29224 

Nov, 

3 

Decided. 

Slight. 

.19 

5.30 

2.30 

.0004 

.0360 

.0312 

.0048 

.37 

.0020 

.0000 

.63 

2.6 

29651 

Dec. 

1 

Decided. 

Cons. 

.31 

6.00 

2.30 

.0010 

.0364 

.0286 

.0078 

.37 
.33 

.0010 
,0050 

.0000 
.0000 

.61 

.64 

2.0 

Av... 

.34 

5.04 

2.06 

.0024 

.0339 

.0270 

.0069 

1  7 

Odor,  generally  vegetable  or  unpleasant.    A  fishy  odor  was  developed  on  heating  the  samples  col- 
lected in  July  and  December. The  samples  were  collected  from  the  basin,  near  its  outlet  into  the 

lower  basin. 


Microscojncal  Examination  of  Water  from  the  Upper  Basin  on  Hobbs  Brook. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 

June. 

2 

6 

26981 

27316 

286 

380 

6 
166 
96 

220 
100 
34 

0 

0 

0 

0 

2 

216 

0 

200 

July. 


Aug. 


Sept.     Oct 


Day  of  examioation, 
Number  of  sample,  . 


26631 


5 
27642 


2 
28018 


6 
28478 


4 
28861 


3 
29224 


1 
29551 


PLANTS. 


Diatomacese, 


Cyclotella,  . 
Synedra,  . 
Tabellarja, 


Cyanopliycese, 
Aphanizomenon, 

AlgSS,      . 

Protococcus, 


602 

130 

460 
2 


200 

32 

160 

4 


120 
116 


144 

0 

126 

12 


442 

70 

36-t 

6 


196 

2 

170 

0 


130 

2 

82 
40 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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CAMBRIDGJE. 

Microscopical  Examination  of  Water  from  the  Upper  Basin  oji  Hobbs  Brook  — 

Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


July. 


Sept. 


ANIMALS. 
Rhizopoda,  Actinophrys, 

Infusoria,    . 

Chlaraydoraonas, 
Codonella,  . 
Cryptomonas,     . 
Dinobryon, 
Halteria,     . 
Monas, 
Peridinium, 

Vermes, 

Crustacea,  Cyclops,  . 

Miscellaneous,  Zoogloea, 

Total, 


0 
140 


0 

122 

100 
0 
10 
0 
0 
4 
6 

1 

0 


0 
144 


pr. 
40 
24 

pr. 
0 
12 


1 

116 

100 
0 
0 
0 
2 
0 
10 

0 

0 


0 

88 

22 
0 
0 

58 
0 
0 
2 


0         100       100 


20 


35 


3 
231 


17         478       838 


617  I     245 


Chemical  Examination  of  Water  from,  the  Lower  Basin  on  Hobbs  Brook,  at  Surface. 

[Parts  per  100,000.] 


S 

S 

o 

1 

o 

Appeabancb. 

Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

c 
0 

S 

NiTBOGEN 
AS 

'6 

1 

3 

c 
0 
t> 

to 

0 

■S 

3 

1 
•5 

o 
o 
O 

o 
6h 

a 
o 

o 

£ 

ALBCMINOID. 

1 
OS 

z 

c 

a 

3- 

■3 
0 

■a 
0 

a 

1899. 

26632 

Apr.    1 

Slight. 

V.  slight. 

.08 

3.00 

1.20 

.0012 

.0156 

.0110 

.0046 

.23 

.0210 

.0002 

.24 

0.6 

26982 

May     1 

Slight. 

V.  slight. 

.20 

5.10 

1.85 

.0010 

.0278 

.0238 

.0040 

.32 

.0210 

.0002 

.50 

1.7 

27317 

June    5 

Slight. 

Slight. 

.20 

4.50 

1.60 

.0020 

.0238 

.0210 

.0028 

.35 

.0080 

.0002 

.45 

1.8 

27643 

July     5 

Slight. 

Cons. 

.12 

5.10 

1.50 

.0048 

.0288 

.0250 

.0038 

.34 

.0030 

.0001 

.45 

2.0 

28019 

Aug.    2 

Slight. 

Slight. 

.11 

5.00 

1.50 

.0020 

.0228 

.0218 

.0010 

.39 

.0040 

.0000 

.46 

1.7 

28479 

Sept.   5 

Slight. 

Cons. 

.10 

4.70 

1.50 

.0050 

.0272 

.0258 

.0014 

.35 

.0020 

.0000 

.38 

1.8 

28859 

Oct.     3 

Decided 

Cons. 

.09 

5.25 

1.75 

.0008 

.0272'.  0246 

.0026 

.35 

.0050 

.0000 

.37 

2.0 

29222 

Nov.    3 

Slight. 

Slight. 

.10 

4.60 

1.55 

.0010 

.0270  .0252 

.0018 

.38 

.0010 

.0000 

.34 

2.2 

29552 

Dec.     1 

Decided. 

Cons. 

.07 

4.65 

1.55 

.0006 

.0256  .0208 
.025l'-0'221 

.0048 

.36 
.34 

.0020 
.0074 

.0000 

.34 
.39 

1.8 

Av... 

.12 

4.66 

1.56 

.0020 

.0030 

.0001 

1  7 

Odor,  generally  faintly  vegetable,  occasionally  unpleasant,  sometimes  becoming  stronger,  and  in 
November  faintly  oily,  on  healing. 
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CAMBRIDGE. 

Microscojncal  Examination  of  Water  from  the  Lower  Basin  on  Hobbs  Brook,  at 

Surface. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr.     May.    June.    July.    Aug.    Sept.     Oct,     Nov.     Dec, 


Day  of  examination, 
Number  of  sample,  . 


3 

26632 


2 

26982 


5 
27643 


2 
28019 


28479 


4 

28859 


3 

29222 


1 

29552 


PLANTS. 


Diatomaceee, 


Cyclotella,  . 
Melosira,  , 
Synedra,  , 
Tabellaria, . 


Oyanophycese, 


Protococcus, 


240 

32 

0 

188 
16 


190 
34 
0 
92 
68 


100 

80 


1,144 

1,004 

0 

130 


296 
12 
12 

272 
0 


204 
56 
10 

118 
14 


414 

22 

70 

312 


146 
0 
0 

110 

26 


ANIMALS. 


Infusoria, 


ChlamydomonaB, 
Cryptomonas,  . 
Dinobryon, 


Vermes, 

Anurea,       .         . 
Crustacea,  Cyclops, 


192 
0 
1 

171 

0 
0 


506 

500 

0 

0 

2 
1 


172 

80 
0 
84 


Miscellaneous,  Zoogloea, , 


12        25 


20 


Total, 


375       826    1,308 


278 


Chemical  Examination  of  Water  from  the  Lower  Basin  on  Hobbs  Brooke  at  Bottom. 

[Parts  per  100,000.] 


Besidde  on 

a 

APPEAEANCE. 

Evapora- 

Ammonia. 

NiTBOGEN 

o 

o 
Q 

"S 

tion. 

c 
o 

a 

c 
o 
O 

c 

1 

i 

3 

a 

1 

'5 

o 
o 

o 

c 
o 

o 

ALBDMINOID. 

1 

1 

a 

3 

•^ 

> 

■a 
1  c 

3   P. 

1 

03 

'Z, 

Q. 

E^ 

CO 

O 

E-i 

ij 

|i< 

H 

a  I  cc 

O 

g        z 

O 

ffi 

1899. 

266.33 

Apr.    1 

V.  slight. 

V.  slight. 

.33 

4.85 

1.95 

.0034 

.0180 

.0164 

.0016   .35 

.0300  .0002 

.48 

1.7 

26983 

May     1 

V.  slight. 

Slight. 

.20 

5.00 

1.75 

.0004 

.0200 

.0178 

.0022  1.31 

.0180  .0002 

..39 

1.8 

27318 

June    5 

Slight. 

Slight. 

.21 

4.95 

1.90 

.0006 

.0222 

.0180 

.0042 

.34 

.0070  .0002 

.46 

1.8 

27644 

July    5 

Slight. 

Slight. 

.12 

5.00 

1.50 

.0004 

.0286 

.0202 

.0084 

.37 

.0030  .0001 

.39 

2.1 

28020 

Aug.    2 

Slight. 

Slight. 

.14 

4.95 

1.75 

.0002 

.0210 

.0178 

.0032 

.,39 

.0030 '.0000 

.44 

1.8 

28529 

Sept.    7 

V.  slight. 

Slight. 

.13 

4.90 

1.65 

.0044 

.0258 

.0228 

.0030 

..35 

.0120'. 0000 

.,35 

2.0 

28860 

Oct.     3 

Blight. 

Slight. 

.05 

4.85 

1.40 

.0000 

.0228 

.0204 

.0024 

.36 

.00301.0000 

.40 

2.0 

29223 

Nov.    3 

Slight. 

Slight. 

.08 

4.60 

1.80 

.0000 

.0232 

.0200 

.0032 

..36 

.0010 

.0000 

..32 

2.0 

29553 

Dec.    1 

Slight. 

Slight. 

.07 

4.65 

1.40 

.0020 

.0212 
.0225 

.0188 
.0191 

.0024 
.0034 

.35 
.35 

.0010 
.0087 

.0001 
.0001 

.31 
..39 

2.0 

Av... 

.15 

4.86 

1.68 

.0013 

1.9 

Odor,  generally  vegetable,  and  sometimes  unpleasant  or  disagreeable, 
eral  of  the  samples  became  fishy  or  oily. 


On  heating,  the  odor  of  sev- 
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CANTON. 


Water  Supply  of  Canton. 


Chemical  Examination  of  Water  from  the  Springdale  Well  of  the  Canton  Water 

Works, 

[Parts  per  100,000.] 


a 

.2 

o 

T 

Appearance. 

c 
.2 

a;  cs 
3  >■ 

1 

Ammonia. 

2 
1 

Nitrogen 

AS 

•6 
a 

a 

3 

gl 

bo 

l>»     - 

i«i 

o 

•5 

u 

1 

1 

3 
Eh 

a 

CO 

1 
o 

O 

£ 

2 

o 

< 

1 

d 
2 

27320 

1899. 

June   5 

None. 

None. 

.00 

4.80 

.0000 

.0004 

.35 

.0280 

.0000 

.02 

0.8 

.0080 

27778 

July  15 

V.  slight. 

V.  slight. 

.02 

4.10 

.0000 

.0000 

.35 

.0030 

.0000 

.04 

0.6 

.0090 

28060 

Aug.    5 

None. 

None. 

.03 

3.30 

.0000 

.0006 

.36 

.0020 

.0000 

.02 

1.0 

.0010 

28532 

Sept.    8 

V.  slight. 

Slight. 

.03 

4.80 

.0000 

.0010 

.35 

.0050 

.0000 

.02 

1.1 

.0500 

28879 

Oct.     3 

None. 

None. 

.00 
.01 

3.80 

.0000 

.0006 

.34 

.0020 

.0000 

.03 

0.8 

.0010 

Av... 

4.06 

.0000 

.0005 

.35 

.0080 

.0000 

.03 

0.9 

.0138 

Odor,  none. 

Chemical  Examination  of  Water  from  the  Well  near  Henry'' s  Spring,  Canton. 

[Parts  per  100,000.] 


c 
o 

o 

o 

a 
"S 
Q  . 

Appbarancb. 

c 

o 

§a 

»  C3 

3  > 

2  W 

AMMONIA. 

o 

Nitrogen 

AS 

•6 

a 

3 

o 

1 

1 

2 

S 

3 
Eh 

S 
1 

o 
o 
O 

•d 
o 

3 

3  a 

JD 

< 

S 

a 

a 
S 

1899. 

27321 

June    5 

V.  slight. 

V.  slight. 

.15 

4.20 

.0000 

.0052 

.39 

.0150 

.0000 

.21 

1.0 

.0090 

27777 

July  15 

V.  slight. 

V.  slight. 

.26 

5.90 

.0008 

.0070 

.37 

.0080 

.0000 

.36 

1.8 

.0090 

28059 

Aug.    5 

None. 

V.  Blight. 

.30 

6.40 

.0010 

.0092 

.42 

.0070 

.0000 

.30 

2.2 

.0100 

28531 

Sept.   8 

V.  slight. 

V.  slight. 

.29 

6.80 

.0006 

.0080 

.43 

.0060 

.0000 

.31 

2.0 

.0200 

28878 

Oct.     3 

Slight. 

Slight. 

.30 

8.30 

.0008 

.0080 

.41 

.0170 

.0000 

.29 

2.9 

.0180 

Av... 

.26 

6.10 

.0006 

.0075 

.40 

.0106 

.0000 

.29 

2.0 

.0132 

Odor,  none.    A  faintly  unpleasant  odor  was  developed  in  the  third  sample,  on  heating. 


Water  Supply  of  Cheshire.  —  Cheshire  Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Cheshire  Water 
Company,  with  reference  to  obtaining  an  additional  supply  of  water 
from  Kitchen  Brook  in  that  town,  may  be  found  on  page  10  of  this 
volume.  Analyses  of  samples  of  water  from  this  source  and  from 
the  present  sources  of  supply  are  given  in  the  following  table  :  — 
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CHESHIRE. 

Chemical  Examination  of  Water  from,  Thunder  a7id  Kitchen  Brooks,  in  Cheshire. 

[Parts  per  100,000.] 


Kesidue  on 



c 

Appeakance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

r: 

albuminoid. 

u 

B 

o 
Si 

1 

.1 

c 

o 

rt 

°l 

^ 

> 

•6 

■a 

,    B 

a 

g 

i~i 

s 

a 

« 

t^ 

OD 

o 

6- 

fc< 

E-i 

Q 

« 

O 

Zi 

a 

o 

B 

1S99. 

28242 

Aug.  16 

None. 

V.  slight. 

.00 

6.10 

0.55 

.0008 

.0028 

.0028 

.0000 

.07 

.0050 

.0000 

.03 

3.8 

28356 

Ang.  23 

None. 

V.  slight. 

.01 

6.90 

0.60 

.0004 

.0044 

.0038 

.0006 

.07 

.0050 

.0000 

.09 

3.9 

28243 

Aug.  16 

None. 

V.  slight. 

.00 

6.45 

0.50 

.0000 

.0012 

.0012 

.0000 

.05 

.0050 

,0001 

.08 

3.8 

28355 

Aug.  23 

None. 

V.  slight. 

.00 

6.85 

0.65 

.0004 

.0024 

.0020 

.0004 

.05 

.0050 

.0000 

.05 

3.8 

Odor  of  No.  28355,  very  faintly  vegetable;   of  the  others,  none. The  first  two  samples  were 

collected  from  Thunder  Brook,  at  outlet  of  reservoir  of  Cheshire  Water  Company;  the  last  two,  from 
Kitchen  Brook,  at  site  of  proposed  reservoir. 

Water  Supply  of  Chicopee. 

Chemical  Examination  of  Water  from  Cooley  Brook  Reservoir,  Chicopee. 

[Parts  per  100,000.] 


Rksiddk  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

o 
O 

tion. 

y 

s 

s 
o 

>, 

^ 

i 

albuminoid. 

"d 

So 

s 

^-. 

•— 

53 

i='c 

d 

V 

00 

c 

a 

a 

a 

Is 

S 

3 

a 

■5 

3 

°l) 

OJ 

o 

o 

1  c 

s  o. 

2 

1 

s 

be 

<a 

"A 

Q 

H 

02 

o 

EH 

J 

fe 

H 

O 

OQ 

o 

^ 

25 

o 

» 

1899. 

25835 

Jan.     3 

V.  slight. 

Cons. 

.48 

3.40 

1.00 

.0006 

.0128 

.0072 

.0056 

.12 

.0040 

.0000 

.43 

0.8 

26004 

Jan.   23 

Slight. 

Slight. 

.31 

3.55 

1.25 

.0014 

.0244 

.0216 

.0028 

.13 

.0050 

.0000 

.36 

0.6 

26900 

Apr.  24 

V.  slight. 

V.  slight. 

.70 

3.75 

1.45 

.0002!. 0118  .0102'. 0016 

.13 

.0010 

.0001 

.54 

0.3 

27882 

July  24 

V.  slight. 

V.  slight. 

.20 

4.20 

1.15 

.0026 

.0122 

.0078 

.0044 

.09 

.0020 

.0004 

.23 

1.0 

29119 

Oct.    24 

Shght. 

V.  slight 

.64 

4.30 

1.25 

.0006 

.0184 

.0158 

.0026 

.09 
.11 

.0040 

.0000 

.54 
.42 

0.8 

Av.* 

.48 

3.93 

1.24 

.0011 

.0152 

.0120 

.0032' 

.0029 

.0001 

n  7 

Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  all  of  the  samples  was  faintly  vegetable. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 


Chemical  Examination  of  Water  from  Dingle  Brook  Reservoir,  Chicopee, 

[Parts  per  100,000.] 


■ 

Residue  on 

S 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

as 

i 

3 

o 

>. 

c 

albuminoid. 

S 
O 

e 

^ 

■o 
> 

1 

•d 

2 

s 

f 

a 

o 

3 

3 

a 

■3 

o 

"3 

=  & 

s 

■a 

c    C 
3  P" 

o 

Is 

S 

"C 

•a 

at 

iz; 

Q 

Eh 

OJ 

O 

H 

lj 

h 

H 

Q 

W 

y 

g 

Jzi 

o 

ffi 

1899. 

25834 

Jan.     3 

V.  slight. 

Slight. 

.05 

5.10 

1.80 

.0036 

.0098 

.0062 

.0036 

.26 

.1920 

.0003 

.09 

1.7 

Odor,  none,  becoming  very  faintly  vegetable  on  heating. 
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CHICOPEB. 

Chemical  Exaviination  of  Water  from  Morton  Brook  Beservoir,  Ohicopee. 

[Parts  per  100,000.] 


Odor  of  the  first  sample,  faintly  unpleasant,  becoming  faintly  vegetable  on  heating ;  of  the  others,  none. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 


Water  Supply  of  Cohasset.  —  Cohasset  Water  Company. 

Chemical  Exar)iination  of  Water  from  the  Tubular  Wells  of  the  Cohasset  Water 
Company,  situated  West  of  the  Main  Village. 

[Parts  per  100,000.] 


= 

Appbabance. 

d 

Ammonia. 

Nitrogen 

•6 

O 

O 

s 

3 

ao 

>^ 

H 

1 

3 

0) 

a 

o 

S5 

I 

1 

*»-. 

"2 

e 
o 

!zi 

- 

H 

tE 

O 

« 

fc< 

< 

O 

^     i     ^ 

o 

K 

1899. 

26128 

Feb.     6 

Slight. 

V.  slight, 
clayey. 
None. 

.03 

11.70 

.0000 

.0014 

1.72 

.0170 

.0000 

.06 

5.9 

.0080 

26754 

Apr.  12 

V.  slight. 

.04 

13.30 

.0008 

.0018 

1.76 

.0180 

.0000 

.06 

5.9 

.0060 

27304 

June    2 

V.  slight. 

None. 

.05 

13.00 

.0000 

.0014 

1.74 

.0180 

.0000 

.02 

5.7 

.0080 

28062 

Aug.    7 

V.  slight, 
milky. 

V.  shght 

.07 

12.40 

.0000 

.0012 

1.79 

.0420 

.0000 

.01 

8.6 

.0120 

Averages  by  Years. 


1888 

.01 

15.20 

.0001 

.0021 

1.50 

.0311 

.0003 

1893 

_ 

- 

.16 

17.14 

.0001 

.0007 

1.64 

.0263 

.0001 

.04 

8.6 

18&4 

- 

- 

.17 

17.94 

.0004 

.0016 

1.77 

.0204 

.0000 

.03 

8.4 

1895 

- 

_ 

.19 

17.22 

.0002 

.0015 

1.89 

.0211 

.0000 

.03 

8.3 

1896 

_ 

- 

.16 

16.10 

.0004 

.0018 

2.05 

.0113 

.0000 

.09 

7.9 

1897 

- 

- 

.19 

15.30 

.0005 

.0023 

2.12 

.0267 

.0000 

.04 

6.7 

1898 

- 

_ 

.07 

14.31 

.0004 

.0019 

1.75 

.02.34 

.0000 

.03 

6.3 

1899 

- 

- 

.05 

12.60 

.0002 

.0014 

1.75 

.0237 

.0000 

.04 

5.8 

.0451 
.0743 
.0689 
.0652 
.0333 
.0195 
.0085 


Note  to  analyses  of  1899:  Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pump- 
ing station,  and  represent  water  from  the  original  source  of  supply. 
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COHASSET. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Gohasset  Water 
Company  in  Films  Meadow. 

[Parts  per  100,000.] 


a 

03 
Q 

Appearance. 

B 
o 

°  o. 

3  > 

Ammonia. 

2 
o 

3 

Nitrogen 

AS 

1 

bo 

1 

c 
■a 

3 

K 

u 

1 

3 

c 

i 

■3 

o 
o 

O 

l4 

is 

1 
03 

u 

5 
2 

a 
2 

1899. 

27305 

June    2 

None. 

None. 

.02 

9.90 

.0000 

.0010 

1.51 

.0670 

.0000 

.02 

4.6 

.0030 

28061 

Aug.    7 

None. 

None. 

.02 

10.70 

.0000 

.0006 

1.56 

.0950 

.0000 

.01 

4.0 

.0010 

28927 

Oct.     9 

None. 

None. 

.00 

10.20 

.0000 

.0024 

1.26 

.0430 

.0000 

.02 

4.4 

.0020 

29622 

Deo.  12 

None. 

None. 

.02 

14.60 

.0000 

.0010 

1.49 

.0740 

.0000 

.02 

6.4 

.0050 

Av... 

.01 

11.35 

.0000 

.0012 

1.45 

.0697 

.0000 

.02 

4.8 

.0027 

Odor,  none. The  samples  were  collected  from  a  faucet  in  the  pumping  station  at  Ellms  Meadow, 

and  represent  the  new  source  of  supply. 


Watee  Supply 
Chemical  Examination 


OF    CONCOED    AND    LiNCOLN. 

of  Water  from  Saiidy  Pond,  Lincohi. 

[Parts  per  100,000.] 


Residue  on 

s 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

id 
3 

c 

ALBUMINOID. 

1 

u 

a 

s 

o 
■3 

■3 
2 

3 

1 
■3 

_o 

"3 

0 

3 

■a 
0 

■d 

■0 
i  § 

aj 

s 

0 

itrates. 
Itrites. 

0 
a 
so 

1 

•a 
03 

IZi 

Q 

Eh 

tn 

0 

H 

hj 

^1 

E-i 

s 

oc 

U 

^    I      2! 

0 

a 

1899. 

1 

26156 

Feb.    6 

V.  slight. 

V.  slight. 

.10 

2.60 

1.00 

.0000 

.0124 

.0110 

.0014 

.29 

.0010. 0001 

.25 

1.0 

26688 

Apr.  10 

V.  slight. 

V.  slight. 

.10 

2.30 

0.90 

.0006 

.0096 

.0094 

.0002 

.21 

.0030  .0000 

.22 

0.6 

27399 

June  12 

None. 

Slight. 

.05 

2.25 

0.85 

.0000 

.0110 

.0098 

.0012 

.20 

.0040.0000 

.19 

0.5 

28041 

Aug.    3 

None, 

V.  slight. 

.05 

3.05 

0.90 

.0006 

.0124 

.0118 

.0006 

.31 

.0040  .0001 

.20 

1.3 

28058 

Aug.    7 

V.  slight. 

V.  slight. 

.05 

2.65 

1.00 

.0004 

.0126 

.0118 

.0008 

.28 

.0040 

.0000 

.15 

0.6 

28949 

Oct.  10 

V.  slight. 

V.  slight. 

.02 

2.75 

1.10 

.0004 
.0003 

.0112 

.0106 

.0006 

.28 
.25 

.0010 
.0026 

.0000 

.15 
.20 

0.8 

Av.*. 

.06 

2.55 

0.96 

.0113   nins 

.0008 

.0000 

0  8 

Odor,  generally  faintly  vegetable.    A  grassy  odor  was  developed  in  some  of  the  samples  on  heating" 
^^  No.  28949  was  collected  from  the  pond,  and  the  others  from  a  faucet  at  the  pumping  station. 

•  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
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cottage  city. 

Water  Supply  of  Cottage  City.  —  Cottage  City  Water 

Company. 

Chemical  Examination  of  Water  from  the  Sprijigs  of  the  Cottage  City  Water  Company 

[Parts  per  lOO.OOO.J 


c 

Appearance. 

Ammonia. 

Nitrogen 

•d 

5 

s  > 

a 

1 

"3 

•5 

1 

"2 

o 
c 

c 

1 

^ 

s5 

« 

la 

o 

s 

Sw 

ia 

o 

cS 

S 

3 

§ 

IZi 

H 

00 

Q 

as 

(>H 

< 

O 

!25 

« 

o 

a 

« 

1899. 

27349 

June    7 

None. 

None 

.01 

4.60 

.0000 

.0006 

.95 

.0120 

.0000 

.01 

0.5 

.0030 

27667 

July     5 

None. 

V.  slight. 

.03 

3.90 

.0000 

.0004 

.89 

.0080 

.0000 

.02 

0.6 

.0030 

28042 

Aug.    2 

None. 

None. 

.02 

4.20 

.0000 

.0008 

.94 

.0080 

.0000 

.03 

0.5 

.0030 

28523 

Sept.    6 

None. 

V.  slight. 

.00 

4.40 

.0006 

.0008 

.92 

.0120 

.0000 

.02 

0.5 

.0200 

28914 

Oct.     3 

None. 

V.  Blight. 

.02 

4.00 

.0006 

.0014 

.95 

.0100 

.0000 

.04 

0.5 

.0060 

Av... 

.02 

4.22 

.0002 

.0008 

.93 

.0100 

.0000 

.02 

0.5 

.0070 

Odor,  none. The  samples  were  collected  from  a  faucet  in  the  pumping  station. 

Water  Supply  of  Danvers  and  Middleton. 
Chemical  Examination  of  Water  from  Middleton  Pond,  Middleton, 

[Parts  per  100,000.] 


o 

U 
o 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

Nitrogen 

AS 

g 

3 

c 
o 
o 

s 

ho 

3 

1 

c 

d 

§1 

albuminoid. 

« 

1 

-d 
> 

■d 
,  c 

■a 

a 

ca 

2 

■a 

?i 

w 

S  B- 

J3 

a 

ti 

X 

^ 

!z; 

Q 

H 

m 

o 

H 

-J 

fc. 

H 

Q 

CO 

o 

!5 

o 

1899. 

26591 

Mar.  28 

V.  slight. 

V.  slight 

.70 

3.50 

1.80 

.0000 

.0196 

.0188 

.0008 

.31 

.0010 

.0001 

.801. 

0.6 

27332 

June    6 

V.  slight. 

V.  slight. 

.55 

3.25 

1.60 

.0000 

.0160 

.0146 

.0014 

.31 

.0040 

.0000 

.72 

1.1 

28473 

Sept.   5 

V.  slight. 

V.  slight. 

.40 

3.65 

1.95 

.0092  .0184 

.0178 

.0006 

.30 

.0030 

.0000 

.55 

0.5 

29579 

Dec.     5 

Slight. 

Slight. 

.30 

3.15 

1.35 

.0006;. 0186 
.0024  .0181 

.0164 

.0022 

.28 
.30 

.0010 

.0000 

.51 

.64 

1.0 

Av... 

.49 

3.39 

1.67 

.0169 

.0012 

.0022 

.0000 

0.8 

Odor  of  the  first  two  samples,  vegetable ;  of  the  last  two,  none. The  samples  were  collected  from 

a  faucet  at  the  pumping  station. 

Dartmouth. 

The  advice  of  the  State  Board  of  Health  to  Alvin  F.  Waite  and 
James  T.  Smith  of  Dartmouth,  relative  to  a  proposed  water  supply 
for  the  summer  settlement  known  as  Salter's  Point  in  Dartmouth, 
may  be  found  on  pages  10  and  11  of  this  volume. 

The  advice  of  the  Board  to  Franklyn  Rowland  of  New  Bedford, 
relative  to  the  quality  of  the  water  of  a  well  used  as  the  water  sup- 
ply of  Bay  View  in  the  town  of  Dartmouth,  may  be  found  on  pages 
11  and  12  of  this  volume.  Analyses  of  samples  of  water  collected 
from  the  sources  under  consideration  are  given  in  the  following 
table  :  — 
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DARTMOUTH. 

Chemical  Examination  of  Water  from  a  Well  at  Bay  View  and  from  a  Well  at 
Salter''s  Point  in  the  Town  of  Dartmouth. 

[Parts  per  100,000.] 


Appearance. 

c 

Ammonia. 

Nitrogen 

■a 

a 

3 

>> 

« 

§1 

2 

c 

»; 

.0 

a 

s 

■s^ 

S 

S 

a 

0 

3  > 

i'a 

c 

0 

« 

]^ 

sS 

i 

Zl 

Q 

^ 

w 

0 

M 

^ 

< 

0 

a 

S 

0 

w 

M 

1899. 

27827 

July  18 

None. 

None. 

.00 

16.60 

.0000 

.0010 

3.08 

.7300 

.0001 

.04 

4.6 

.0010 

27828 

July  18 

None. 

None. 

.00 

8.00 

.0000 

.0008 

0.96 

.1160 

.0000 

.08 

2.1 

.0010 

Odor,  none. The  first  sample  was  collected  from  a  well  on  the  premises  of  Franklyn  Howland 

in  Bay  View,  used  for  the  supply  of  several  houses;  the  last,  from  a  well  on  the  premises  of  Waite  and 
Smith,  at  Salter's  Point,  and  used  for  the  supply  of  a  number  of  houses  at  that  place. 


Water  Supply  of  Dedham. — Dedham  Water  Company. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Dedham  Water  Company. 

[Parts  per  100,000.] 


ate  of 

Collection. 

Appearance. 

c 

P 

Ammonia. 

c 

Nitrogen 
as 

a 

3 
X 

■3 

c 

.Q 

a 

s 

is 
3 

1 
■3 

u 

0 

3 
0 

a 

'u 

2 

IZi 

rj 

H 

05 

0 

fe 

< 

(J 

2 

g 

0 

w 

1899. 

25838 

Jan.     4 

None. 

None. 

.01 

10.00 

.0006 

.0042 

0.86 

.2200 

.0000 

.02 

4.0 

.0030 

26103 

Feb.     1 

None. 

V.  slight. 

.00 

10.10 

.0012 

.0072 

0.92 

.1900 

.0000 

.04 

4.3 

.0080 

26385 

Mar.    6 

None. 

None. 

.01 

9.00 

.0006 

.0018 

0.83 

.2240 

.0000 

.04 

4.0 

.0010 

26682 

Apr.    7 

None. 

V.  slight. 

.00 

8.60 

.0026 

.0209 

0.74 

.1400 

.ooon 

.08 

3.5 

.0020 

26999 

May     3 

None. 

None. 

.00 

8.60 

.0000 

.0006 

0.74 

.1900 

.0000 

.03 

3.8 

.0030 

27346 

June    7 

None. 

None. 

.00 

7.70 

.0000 

.0020 

0.64 

.1220 

.0000 

.04 

3.1 

.0020 

27668 

July     6 

None. 

None. 

.02 

7.50 

.0008 

.0044 

0.59 

.0980 

.0000 

.05 

2.9 

.0010 

28023 

Aug.    2 

None. 

None. 

.02 

11.50 

.0004 

.0014 

1.00 

.2960 

.0000 

.02 

3.9 

.0030 

28084 

Aug.    7 

None. 

V.  Blight. 

.03 

9.70 

.0002 

.0012 

0.84 

.2600 

.0000 

.04 

3.5 

.0010 

28469 

Sept.    5 

Decided, 
clayey. 

Blight, 
clayey. 

.02 

12.00 

.0000 

.0014 

0.92 

.3680 

.0000 

.03 

3.3 

.0230 

28876 

Oct.     4 

None. 

None. 

.00 

12.30 

.0000 

.0008 

1.15 

.3500 

.0000 

.02 

4.3 

.0030 

29213 

Nov.    1 

None. 

None. 

.01 

11.50 

.0000 

.0010 

1.09 

.2700 

.0003 

.02 

4.7 

.0020 

29619 

Dec.  12 

None. 

None. 

.03 

8.70 

.0018 

.0046 

0.68 

.1200 

.0000 

.04 

3.3 

.0020 

Averages  by  Years. 


1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899* 


.00 

10.65 

.0000 

.0006 

0.95 

.2982 

.0000 

4.4 

.00 

10.14 

.0000 

.0024 

0.92 

.2325 

.0000 

.08 

4.2 

.01 

10.18 

.0000 

.0017 

0.86 

.2008 

.0000 

.03 

4.0 

.02 

9.92 

.0009 

.0015 

0.85 

.1768 

.0000 

.04 

3.9 

.01 

9.30 

.0001 

.0023 

0.82 

.1205 

.0000 

.04 

3.9 

.01 

9.42 

.0008 

.0031 

0.84  1 

.1750 

.0000 

.03 

4.3 

.02 

9.48 

.0005 

.0033 

0.82 

.1895 

.0000 

.05 

3.9 

.01 

9.72 

.0007 

.0042 

0.84 

.2142 

.0000 

.04 

3.7 

.0007 
.0000 
.0013 
.0000 
.0012 
.0015 
.0020 
.0043 


*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Note  to  analyses  of  1899  :  Odor,  none. No. 26385  was  collected  from  a  faucet  in  the  pumping  sta- 
tion; No.  28084,  from  a  faucet  in  the  town;  No.  28876,  from  a  6-inch  driven  well  situated  near  the  large 
■well;  the  others,  from  the  well. 
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east  bridgets ater. 
Water  Supply  of  East  Bridgewater. 

(See  Bridgeivater.) 


Water  Supply  of  Easthampton. 

Chemical  Examination  of  Water  from  Bassett  Brook,  Easthampton. 


Parts 

per  100,000.] 

o 

Q 

Appearance. 

Kesibue  on 
Evapora- 
tion. ■ 

Ammonia. 

c 
o 

u 
.09 

Nitrogen 
as 

•6 
B 

3 

S 

o 

U 

O 

u 
a 
Eh 

.1 
•3 

a: 

c 

o 
O 

1 

3 

3 

1 

albuminoid. 

1 

5 

55 

a 

o 

•a 

s 

•6 

■a 
,  c 

3  P. 
03 

i 

a 

K 

26562 

1899. 

Mar.  23 

V.  Slight. 

Slight. 

.11 

2.90 

1.25 

.0008 

.0066 

.0042 

.0024 

.0070 

.0000 

.17 

0.5 

27560 

June  24 

Blight. 

Slight. 

.21 

4.25 

1.00 

.0018 

.0114 

.0098 

.0016 

.12 

.0090 

.0002 

.20 

1.0 

28782 

Sept.  27 

V.  Blight. 

V.  slight. 

.55 

4.60 

2.10 

.0006 

.0166 

.0160 

.0006 

.12 

.0010 

.0000 

.75 

1.3 

29590 

Dec.     6 

V.  slight. 

None. 

.20 

3.55 

0.90 

.0004 

.0072 

.0066 

.0006 

.11 
.11 

.0010 

.0000 

.27 
.35 

1.1 

Av... 

.27 

3.82 

1.31 

.0009 

.0104 

.0091 

.0013 

.0045 

.0000 

1.0 

Odor  of  the  first  sample,  none ;  of  the  third,  faintly  unpleasant ;  of  the  others,  faintly  vegetable. 

The  first  two  samples  were  collected  from  the  reservoir,  and  the  last  two  from  a  faucet. 


Water   Supply   of   North   Easton  Village  District,  Easton. 

Chemical  Examination  of  Water  from  the  Well  of  the  North  Easton  Village  District. 

[Parts  per  100,000.] 


5 
o 

T 

Appearance. 

c 

o 

it 

"  OS 

3,  > 

Ammonia. 

Nitrogen 
as 

■a 

a 

a 
o 

c 

u 

a 
1 

Turbidity. 

1 
■3 
tn 

3 
o 

£ 

•6 
o 

< 

1 

s 

1 

a 

1899. 

27350 

June    6 

None. 

None. 

.01 

4.60 

.0000 

.0008 

.44 

.0500 

.0000 

.02 

1.3 

.0030 

27690 

July    6 

None. 

V.  slight. 

.00 

3.90 

.0000 

.0018 

.43 

.0280 

.0000 

.01 

1.3 

.0000 

28083 

Aug.    7 

None. 

V.  slight. 

.00 

4.20 

.0002 

.0006 

.41 

.0170 

.0000 

.02 

1.7 

.0010 

28521 

Sept.   6 

None. 

None. 

.02 

4.40 

.0000 

.0018 

.43 

.0120 

,0000 

.03 

1.3 

.0030 

28933 

Oct.     9 

None. 

V.  slight. 

.05 

4.80 

.0000 

.0016 

.40 

.0240 

.0000 

.02 

1.8 

.0030 

Av... 

.02 

4.38 

.0000 

.0013 

.42 

.0262 

.0000 

.02 

1.4 

.0020 

Odor,  none. 


-The  samples  were  collected  from  a  faucet  at  the  pumping  station. 


Water  Supply  of  Everett. 
(See  Metropolilaji  Water  District,  pages  127-152.) 
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fairhaven. 

Watek    Supply  of  Fairhaven.  —  Fairhavex  Water   Company. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Fairhaven  Water 

Company. 

[Parts  per  100,000.] 


o 

o 

03 

a 

Appeaeancb. 

5 

Ammonia. 

o 

Nitrogen   1 

AS            1 

•6 

a 
o 

c 

•3 

a 

3 

a 

§ 

•3 

o 

8 

o 

B 

is 

< 

1 

i 

1899. 

27541 

June  21 

None. 

None. 

.10 

4.70 

.0006 

.0022 

.63 

.0300 

.0000 

.11 

1.3 

.0130 

27870 

July  21 

None. 

None. 

.21 

5.30 

.0000 

.0072 

.63 

.0250 

.0001 

.33 

1.1 

.0080 

28295 

Aug.  17 

V.  slight 

None. 

.14 

5.10 

.0000 

.0046 

.67 

.0290 

.0000 

.27 

1.3 

.0020 

28637 

Bept.ie 

V.  slight. 

None. 

.09 

4.30 

.0000 

.0038 

.66 

.0340 

.0000 

.18 

1.3 

.0100 

29013 

Oct.   12 

V.  slight. 

None. 

.44 

7.00 

.0008 

.0100 

.74 

.0260 

.0002 

.62 

1.6 

.0170 

Av... 

.20 

5.28 

.0003 

.0056 

.67 

.0288 

.0001 

.30 

1.3 

.0100 

Odor  in  July,  very  faintly  vegetable,  becoming  distinctly  vegetable  on  heating;  at  other  times, 

none.    A  faintly  vegetable  odor  -was  developed  in  the  August  sample,  on  heating. The  samples  were 

collected  from  a  faucet  in  the  pumping  station. 

Water  Supply  of  Fall  River. 
Chem,ical  Examination  of  Water  from  North  Watuppa  Lake. 

[Parts  per  100,000.] 


1 

o 

o 

"S 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

2 
o 

Nitrogen 

AS 

•a 

a 

a 

B 

3 

a 

o 

■3 

a 

c 

a 

CO 

u 

o 
o 
O 

o 

Eh 

o 

o 

^ 

albuminoid.    1 

1 
1 

.o 

a 

a 

1 

■a 
> 

5 

•S 

,  s 

a  a. 

CO 

1 

1899. 

25952 

Jan.  15 

V.  slight. 

V.  slight. 

.30 

3.30 

1.70 

.0004 

.0168 

.0158 

.0010 

.54 

.0020 

.0000 

.54 

0.6 

26231 

Feb.  16 

Slight. 

Slight. 

.28 

3.65 

1.50 

.0010 

.0164 

.0152 

.0012 

.56 

.0060 

.0001 

.48 

0.6 

26461 

Mar.  13 

Slight. 

Slight. 

.28 

3.25 

1.40 

.0004 

.0172 

.0154 

.0018 

.50 

.0080 

.0001 

.42 

0.3 

26704 

Apr.  10 

Slight. 

Cons. 

.29 

3.10 

1.50 

.0006 

.0200 

.0178 

.0022 

.37 

.0040 

.0001 

.45 

0.4 

27098 

May  15 

V.  slight. 

V.  Blight. 

.29 

3.05 

1.20 

.0004 

.0180 

.0160 

.0020 

.43 

.0060 

.0001 

.46 

0.3 

27471 

June  19 

Slight. 

Cons. 

.22 

2.65 

1.15 

.0010 

.0206 

.0188 

.0018 

.48 

.0010 

.0000 

.44 

0.2 

27784 

July  17 

Slight. 

Cons. 

.12 

3.90 

1.60 

.0040 

.0252 

.0182 

.0070 

.48 

.0010 

.0000 

.29 

0.3 

28184 

Aug.  11 

Slight. 

Slight. 

.12 

3.75 

1.80 

.0042 

.0198 

.0162 

.0036 

.52 

,0000 

.0000 

.40 

0.8 

28642 

Sept.  18 

V.  slight. 

Slight. 

.11 

2.90 

1.40 

.0006 

.0232 

.0206 

.0026 

.47 

.0000 

.0000 

.36 

0.8 

29026 

Oct.   16 

Slight. 

V.  slight. 

.09 

3.15 

1.10 

.0008 

.0224 

.0198 

.0026 

.45 

.0010 

.0001 

.34 

0.6 

29365 

Nov.  13 

Decided. 

Slight. 

.13 

3.40 

1.35 

.0006 

.0252 

.0220 

.0032 

.48 

.OOIC 

.0000 

.34 

0,5 

29731 

Dec.  20 

V.  Blight 

V.  slight 

.14 

3.35 

1.40 

.0010 

.0242 

.0208 

i 

.0034 

.51 

.OOIC 

.0001 

.34 

0.5 
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Chemical  Examination  of  Water  from  North  Watuppa  Lake  ■ 
Averages  by  Years. 

[Parts  per  100,000.] 


FALL  RIVER. 

-  Concluded. 


Kbsidde  on 

c 

Appearance. 

EVAPOKA- 

Ammonia. 

Nitrogen 

"S 

TION. 

d 

3 

c 

ALBUMINOID. 

c 

1 

o 

■'3 

3 

1 

o 

o 

a 

« 

if 
> 
o 

•a 
•a 
1  c 

3  a 

c 
- 
o 

"S 

T^ 

c 

■s 

03 

Iz; 

a 

ir* 

CO 

CJ 

H 

iJ 

&K 

i" 

Q 

rn 

.52 

Zi        a 

o 

a 

- 

1888 

- 

- 

.17 

3.18 

0.93 

.0004 

.0158 

- 

- 

.0057 

.0001 

- 

- 

- 

1892 

- 

- 

.08 

2.95 

0.86 

.0012 

.0130 

.0107 

.0023 

.52 

.0117 

.0001 

- 

0.5 

- 

1896 

- 

- 

.22 

3.82 

1.14 

.0011 

.0160 

.0137 

.0023 

.61 

.0041 

.0000 

.35 

0.7 

- 

1897 

- 

- 

.23 

3.50 

1.17 

.0010 

.0144 

.0138 

.0006 

.63 

.0032 

.0000 

.35 

0.7 

- 

1898 

- 

.31 

3.45 

1.44 

.0011 

.0194 

.0171 

.0023 

.58 

.0024 

.0000 

.44 

0.8 

- 

1899 

- 

- 

.20 

3.29 

1.42 

.0012 

.0207 

.0180 

.0027 

.48 

.0026 

.0000 

.40 

0.5 

Note  to  analyses  ofi  1899 :  Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the 
odor  of  the  samples  collected  in  March  and  April  became  fishy. 

Microscopical  Examination  of  Water  from  North  Watuppa  Lake. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug 

Sept.  Oct. 

Nov. 

Dec. 

Day  of  examination 

Number  of  sample 

17 
25952 

17 
26231 

14 
26461 

11 
26704 

16 
27098 

20 
27471 

18 

27784 

14 
28184 

19 
28642 

17       14 
29026  29365 

21 
29731 

PLANTS. 
Diatoraacese,      .... 
Cyelotella, 

Cyanophycese 

Anabsena, 

Microcystis,          .... 

Algse. 

107 

76 

0 
0 
0 

0 

19 
3 

0 
0 
0 

1 

80 
10 

1 

0 
0 

0 

124 

66 

2 

0 

2 

0 

284 

260 

0 
0 
0 

24 

22 

10 

14 

0 
14 

2 

4 

2 

18 

12 
4 

52 

10 

0 

68 

6 
60 

0 

2 

0 

46, 

0 
46 

12 

9 

0 

3 
0 
3 

6 

13 

2 

0 
0 
0 

0 

49 

29 

0 
0 
0 

50 

ANIMALS. 
Rtiizopoda,  Actinophrys,    . 

Infusoria 

Dinobryon, 

Vermes,  Polyarthra,     . 

Crustacea 

Cyclops 

Daphnia 

0 

6 
3 

0 

pr. 

pr. 

0 

0 

8 

8 

0 
0 

I 

0 

444 

435 

0 

0 
0 
0 

0 

138 

132 

2 

pr. 

pr. 

0 

0 

4 
0 

0 

pr. 

pr. 

0 

0 

0 
0 

0 

0 
0 
0 

2 

2 

0 

0 

pr. 

0 

pr. 

0 

2 

0 

0 

pr. 
pr. 
pr. 

0 

0 
0 

0 

0 
0 
0 

0 

0 
0 

0 

0 
0 
0 

0 

0 

0 

0 

pr. 

pr. 

0 

0 

0 

0 

0 

pr. 

pr. 

0 

Miscellaneous,  Zoogloea,    . 

5 

5 

10 

20 

10 

10 

50 

20 

3 

3 

8 

5 

Total 

118 

33 

535 

286 

322 

48 

128 

100 

63 

21 

21 

104' 
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FAJLT.  KIVER. 

Chemical  Examination  of  Water  from  South  Watuppa  Lake. 

[Parts  per  100,000.] 


Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the  odor  of  most  of  the  samples 
was  vegetable,  and  in  February,  March  and  April,  fishy. 

Microscopical  Examination  of  Water  from  South  Watuppa  Lake. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.   Feb.    Mar.  Apr.   May.  June.   July.  Aug.  Sept.  Oct.    Nov.  Dec. 


Day  of  examination, 
Number  of  sample, 


17 

25953 


17 

26232 


14 

26462 


11 
26705 


16 
27099 


20 
27472 


18 

27785 


14 

28185 


19 
28643 


17 

29025 


14 

29366 


19 

29681 


PLANTS, 
Diatomacese, 

Cyclotella,    . 
Synedra,        .        . 
Tabellaria,    . 

Cyanophycese,    . 

Anabfena,  .  . 
Merismopoedia,  . 
Microcystis,  . 

Algse, 

Protococcus, 


162 

3 

124 

24 

8 

2 

1 
0 

0 

0 

0 
0 
0 

0 
0 
0 

0 

1 

0 

0 

4 

2 

28 

4 

n 

3 
0 
0 

0 
0 
2 

4 
8 
2 

0 

1 

2 

3 

1 
2 

15 

68 

42 

1 

18 

0 

11 

4 

3 

56 
8 

18 

0 

18 

0 
0 

1 

15 
0 
3 

17 

86 

62 

15 

0 

8 

86 

60 

15 

0 

No.  34.]     EXAMINATION  OF  WATEE  SUPPLIES. 


183 


FALL  RIVER. 

Microscopical  Examinatioji  of  Water  from  South  Watuppa  Lake  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.  ] 


1S99. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Rhizopoda,  Actinophrys,     . 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

0 

Infusoria 

7 

92 

207 

140 

0 

0 

4 

0 

6 

0 

4 

3 

Dinobryon, 

0 

92 

197 

118 

0 

0 

3 

0 

6 

0 

4 

0 

Vermes 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

1 

0 

Crustacea,  Cyclops,     . 

0 

,  0 

0 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

pr. 

Miscellaneous,  ZobglcBa,   . 

5 

3 

8 

20 

10 

10 

5 

10 

3 

3 

3 

5 

Total 

174 

99 

257 

344 

151 

46 

165 

142 

30 

32 

14 

43 

Chemical  Examiiialion  of  Water  from  the  TiHbutaries  of  North  Watuppa  Lake. 

[Parts  per  100,000.] 




Residue  ok 

^*^ 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

■a 

o 

tion. 

c 
o 

^ 

3 

albuminoid. 

» 

a 

a 

o 

•a 
3 

2 

1 
1 

o 

°3> 

■^ 

> 

c    C 

c 
o 

Hi 

S 

1 

•3 

03 

iz! 

Q 

r* 

CO 

O 

E-i 

>j 

fci 

H 

« 

m 

o 

^i 

f^ 

o 

a 

1899. 

26580 

Mar. 

27 

V.  Blight. 

V.  slight 

1.14 

3.65 

2.20 

.0016 

.02001.01841.0016 

.31 

.0010 

.0000 

1.18 

0,^ 

27208 

May 

'23 

V.  slight. 

Slight. 

3.00 

6.70 

4.75 

.0052 

.0476  .0436!. 00-10 

.49 

.0010 

.0000 

3.12    0.8 

26581 

Mar. 

27 

Slight. 

Slight. 

0.20 

6.00 

2.20 

.0038 

.0188  .0170  .0018 

.68 

.0480 

.0008  0.32;  1.7 

27209 

May 

23 

Slight. 

Cons. 

0.05 

4.75 

1.00 

.0040 

.0179  .0132  .0047 

.75 

.0180 

.0001,0. 13:  1.0 

26582 

Mar. 

27 

None. 

V.  slight. 

0.50 

4.20 

1.80 

.0016 

.0234 

.0218 

.0016 

.40 

.0130 

.0001  0.86 

0.5 

27210 

May 

23 

V.  slight. 

V.  slight. 

1.00 

5.50 

2.20 

.0020 

.0278 

.0262 

.0016 

.49 

.0250 

.OOOOI  1.10 

1.0 

26583 

Mar. 

27 

None. 

V.  slight. 

0.81 

3.10 

1.95 

.0000 

.0148 

.0140 

.0008 

.33 

.0030 

.OOOOj  0.79 

0.0 

27211 

May 

23 

V.  slight 

V.  slight. 

1.90 

5.20 

3.05 

.00.36 

.0308 

.0296 

.0012 

.46 

.0010 

.0000  2.10 

0.3 

26584 

Mar. 

27 

None. 

V.  slight 

U.39 

5.50 

2.25 

.0010 

.0288 

.0246 

.0042 

.84 

.0290 

.0002  0.57 

1.1 

27212 

May 

23 

V.  slight. 

Cons. 

0.70 

6.50 

2.25 

.0066 

.0520 

.0468 

.0052 

.81 

.0050 

.000l||1.03 

1.3 

26585 

Mar. 

27 

V  slight 

V.  flight. 

0.51 

3.60 

1.90 

.0010 

.0264 

.0208 

.00.56 

.38 

.0040 

.0000'  0.69 

0.3 

27213 

May 

23 

Slight. 

Cons. 

1.65 

5.75 

3.50 

.0086 

.0622 

.0570 

.0052 

.45 

.0000 

.0000  ,2.02i   0.8 

26586 

Mar. 

27 

None. 

V.  Blight. 

0.53 

2.65 

1.40 

.0002 

.0102 

.0102 

.0000 

.,32 

.0010 

.0001   0.60 

0.0 

27214 

May 

23 

V.  slight. 

Blight. 

1.55 

4.. 35 

2.60 

.0044 

.0300 

.0284 

.0016 

.45 

.0000 

.0000  |1.70 

0..<l 

26587 

Mar. 

27 

Slight. 

Cons. 

0.39 

3.50 

1.50 

.0014 

.0226  .0200 

.0026 

.44 

.0120 

.I'OOl  |0.51 

0.^ 

27215 

May 

23 

Decided. 

Slight. 

1.30 

5.50 

2.50 

.0046 

.03841.0316 

.0068 

.59 

.0240 

.0002  1.22 

O.ft 

26588 

Mar. 

27 

None. 

V.  slight. 

0.60 

3.05 

1.65 

.0012 

.0132 

.0132 

.0000 

.,34 

.0010 

.0000  |0.80 

0.0 

27216 

May 

23 

V.  Blight 

Cons., 
green. 

1.40 

4.20 

2.40 

.0016 

.0196 

.0168 

.0028 

.48 

.0040 

.0000 

1.38 

0.3 

26589 

Mar. 

27 

V.  sliaht. 

V.  slight 

0.27 

4.60 

1.75 

.0014 

.0150 

.0142 

.0008 

.46 

.0510 

.0003 

0.39 

0.8 

27217 

May 

23 

Slight. 

Slight. 

1.05 

5.45 

2.80 

.0100 

.0472 

.0460 

.0012 

.46 

.0050 

.0002 

1.30 

0.8 

Odor,  generally  faintly  vegetable,  sometimes  none.     On  heating,  the  odor  of  some  of  the  samples 

became  distinctly  vegetable. The  samples  were  collected  just  above  the  measuring  weira,  on  the 

tributaries  of  North  Watuppa  Lake,  as  follows  :  Nos.  26580  and  27208,  from  Blossom  Brook;  Nos.  26581 
and  27209,  from  Cress  Brook;  Nos.  26582  and  27210,  from  Highland  Brook,  at  Meridian  Street;  Nos. 
26583  and  27211,  from  norih  branch  of  King  Phillip  Brook;  Nos.  26584  and  27212,  from  north  branch  of 
Nat  Brook;  Nos.  26585  and  27213,  from  south  branch  of  Nat  Brook ;  Nos.  26586  and  27214,  from  Queen's 
Gutter  Brook;  Nos.  26587  and  27215,  from  Ralph  Brook,  below  junction  of  south  and  east  branches; 
Nob.  26588  and  27216,  from  Run  Brook,  at  upstream  side  of  highway  crossing;  Nos.  26589  and  27217, 
from  Terry  Brook,  at  Meridian  Street. 
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FAIiMOTJTH. 

Water  Supply  of  Falmouth.  —  Falmouth  Water  Company. 

Population  in  1895,  2,655.  The  works  are  owned  by  the  Fal- 
mouth Water  Company,  and  were  completed  early  in  1899.  The 
source  of  supply  is  a  system  of  15  tubular  wells,  located  on  the 
southerly  shore  of  Long  Pond,  in  a  narrow  strip  of  land  separating 
Long  Pond  from  Grew's  Pond.  The  wells  are  2^-2  inches  in  diam- 
eter, about  45  feet  deep,  and  are  located  from  10  to  30  feet  from 
the  shore  of  Long  Pond.  Water  is  pumped  to  an  iron  tank,  from 
which  it  is  supplied  to  the  town. 

The  advice  of  the  State  Board  of  Health  to  the  Falmouth  Water 
Company,  relative  to  the  use  of  the  water  of  Long  Pond  in  Fal- 
mouth and  of  water  taken  from  a  system  of  tubular  wells  near  Long 
Pond  as  sources  of  water  supply  for  that  town,  may  be  found  on 
pages  12  and  13  of  this  volume.  Analyses  of  samples  of  water  col- 
lected from  the  system  of  tubular  wells  during  a  pumping  test,  and 
from  the  pond,  are  given  in  the  following  tables  :  — 


Chemical  Examination  of  Water  from  a  Hydrant  supplied  from  the  Works  of  the 
Falmouth  Water  Company. 

[Parts  per  100,000.] 


□ 

APPEABANCE. 

o 
S 

a  a 
a  > 

Ammonia. 

c 
1 

Nitrogen 

AS 

■6 

a 

a 
c 

BO 

o 

c 
■a 

OS 

S3 

c 

a 

3 

a 

1 
■a 

u 

o 

o 

Em 

o 

is 

< 

2 

00 

1 

26453 

1899. 

Mar.    6 

V.  slight. 

Slight. 

.01 

2.70 

.0000 

.0014 

91 

.0020 

.0000 

.02 

0.3 

.0010 

26454 

Mar.    7 

None. 

V.  slight. 

.00 

2.50 

.0000 

.0012 

89 

.0020 

.0001 

.02 

0.3 

.0010 

26455 

Mar.    8 

None. 

None. 

.00 

3.00 

.0000 

.0010 

88 

.0050 

.0000 

.02 

0.3 

.0010 

26456 

Mar.    9 

None. 

None. 

.00 

2.80 

.0000 

.0006 

89 

.0010 

.0000 

.02 

0.3 

.0010 

26457 

Mar.  10 

None. 

V.  slight. 

.01 

2.80 

.0000 

.0008 

89 

.0010 

.0000 

.02 

0.3 

.0010 

26458 

Mar.  11 

None. 

None. 

.00 

3.00 

.0000 

.0006 

89 

.0010 

.0000 

.04 

0.3 

.0020 

27189 

May  22 

V.  slight. 

V.  Blight. 

.01 

2.60 

.0000 

.0014 

90 

.0030 

.0000 

.03 

0.5 

.0010 

Odor,  none. The  first  six  samples  were  collected  from  a  hydrant  at  the  pumping  station,  during 

a  pumping  test  which  began  at  7  a.m.,  March  6,  and  during  which  water  was  drawn  from  the  wells  at 
the  rate  of  250,000  gallons  per  day;  the  last  sample  was  collected  from  the  hydrant,  at  a  time  when  no 
water  had  been  drawn  from  the  wells  for  four  days. 
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FALMOUTH. 

Chemical  Examination  of  Water  from  Long  Pond  in  Falmouth. 

[Parts  per  100,000.] 


Kksidue  on 

c 

Appearance. 

EVAPOKA- 

Ammonia. 

NiTKOGEN 

V 

•| 

TION. 

y 

s 

c 

a 

ALBUMINOID. 

5 

^ 

S 

■d 

■a 

aj 

O 

i 

B 

o 

0) 

5 

■a 
S 

3 

a 

i 

t 

^S 

'S 

■o 
3  a 

1 

2 

1 

s 

bs 
>. 

« 

a 

O 

E" 

a: 

o 

H 

l-I 

fe 

H 

Q 

OQ 

o 

!«; 

S 

O 

W 

1899. 

27188 

May  22 

None. 

V.  Blight. 

.01 

2.70 

0.90 

.0008 

.0128 

.0120 

.0008 

.90 

.0020 

.0000 

.11 

0.2 

Odor,  none,  becoming  very   faintly  vegetable  on  heating. The  sample  was  collected  from  the 

pond,  near  the  pumping  station  of  the  Falmouth  Water  Company. 


Water  Supply  or  Fitohburq. 

Chemical  Examination  of  Water  from  Scott  Reservoir,  Fiichburg. 

[Parts  per  100,000.] 


Residue  on 

0 

Appeakancb. 

Evapora- 

Ammonia. 

Nitrogen 

3 
1 

tion. 

a 
o 

^ 

c 
o 

albuminoid. 

■a 

•a 

« 

£1 
1 

o 

■a 
H 

3 

a 

"3 

C 

o 

a 

=  5 

5J 

3 

> 

o 

■a 
a  o. 

o 

1 

'C 

a 

fe5 

O 

H 

CC 

O 

H     1  J       i 

fc,    1      H 

C, 

w 

O 

S 

z 

o 

a 

1899. 

25987 

Jan.   17 

Slight. 

V.  slight 

.11 

2.25 

1.10 

.0006 

.0130 

.0108 

.0022 

.13 

.0000 

.0001 

.31 

0.2 

26717 

Apr.  11 

V.  slight. 

V.  slight. 

.11 

1.60 

0.70 

.0034 

.0124 

.0100 

.0024 

.06 

.0040 

.0000 

.22 

0.0 

27854 

July  21 

V.  slight. 

Slight. 

.08 

2.00 

0.80 

.0000 

.0204 

.0146 

.0068 

.11 

.0020 

.0000 

.31 

0.0 

29054 

Oct.    17 

Decided. 

Cons. 

.10 

2.20 

1.00 

.0012 

.0276 

.0174 

.0102 

.16 
.11 

.0050 

.0004 

.25 
.27 

0.0 

Av... 

.10 

2.01 

0.90 

.0013 

.0183 

.0132 

.0051 

.0027 

.0001 

0  0 

Odor  of  the  first  sample,  none;  of  the  second  and  last,  vegetable;  of  the  third,  distinctly  unpleasant. 

Chemical  Examination  of  Water  from  MeettJighouse  Pond,  Westminster. 

[Parts  per  100,000.] 


Odor  of  the  first  and  third  samples,  faintly  vegetable  or  none;  of  the  second,  faintly  unpleasant, 
becoming  faintly  vegetable  and  fishy  on  heating;  of  the  last,  none. 
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rOXBOROTJGH. 

Water  Supply  of  Foxborough  Water  Supply  District,  Fox- 
borough. 

Chemical  Examination  of  Water  from  the    Tubular   Wells   of  the  Foxborough 

Water  Su2)2)ly  District. 

[Parts  per  100,000.] 


a 

Appearance. 

a 

Ammonia. 

NiTBOGEN 

■a 

1 

o 

C 
o 

AS 

a 

a 
c 

B 

■a 

a 

2 

S 

3 

1 
•5 

c 

o 

o 

•6 
c 
c 

5 

a 

!«! 

C) 

Eh 

OJ 

O 

a 

1^ 

■< 

O 

'A 

JZi 

O 

EC 

a 

1899. 

26837 

Jan.     3 

None. 

None. 

.00 

3.00 

.0000 

.0000 

.40 

.0630 

.0000 

.01 

0.8 

.0010 

27463 

June  16 

None. 

None. 

.00 

3.50 

.0000 

.0004 

.39 

.0480 

.0000 

.00 

0.7 

,0020 

27685 

July     6 

None. 

None. 

.00 

3.60 

.0000 

.0006 

.37 

.0550 

.0000 

.02 

0.5 

.0020 

28038 

Aug.    2 

None. 

None. 

.00 

3.50 

.0000 

.0004 

.38 

.0550 

.0000 

.01 

1.0 

.0010 

28520 

Sept.    6 

None. 

None, 

.00 

4.10 

.0000 

.0014 

.39 

.0320 

.0001 

.01 

1.0 

.0030 

28888 

Oct.     4 

None. 

None. 

.06 

4.10 

.0000 

.0008 

.37 

.0380 

.0001 

.02 

1.0 

.0010 

Av... 

.01 

3.63 

.0000 

.0006 

.38 

.0485 

.0000 

.01 

0.8 

.0017 

Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pumping  station. 

Water  Supply  of  Framingham.  —  Framingham  Water  Company. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Framingham  Water 

Company, 

[Parts  per  100,000] 


a 

Appearance. 

c 

Ammonia. 

Nitrogen 

i 

AS 

-a 

s 

s 

J 

s 

is 

3 

1 
■5 

o 
o 

§1 

3  > 

6 

o 

o 

1 
2 

5 

■3 

a 

g5 

bo 
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"n 

a 

H 

M 

O 

» 

Ut 

< 

O 

K 

S 

O 

W 

1899. 

25939 

Jan.   12 

None. 

V.  slight. 

.02 

8.50 

.0028 

.0038 

0.90 

.0580 

.0002 

.05 

3.6 

.0040 

26480 

Mar    13 

None. 

None. 

.00 

7.50 

.0038 

.0020 

0,82 

.0530 

.0003 

.05 

3.3 

.0030 

27033 

May     8 

None. 

None. 

.01 

7.50 

.0024 

.0036 

0.82 

.0480 

.0003 

.04 

3.3 

.0020 

27710 

July  10 

V.  slight. 

V.  slight. 

.10 

6.90 

.0024 

.0054 

0.84 

.0090 

.0002 

.05 

2.9 

.0090 

28563 

Sept.  11  1 

None. 

None. 

.00 

7.60 

.0026 

.0074 

0.89 

.0250 

.0001 

.06 

3.0 

.0050 

29253 

Nov.    6^ 

None. 

None. 

.01 

7.40 

.0038 

.0040 

0.85 

.0360 

.0005 

.06 

3.3 

.0050 

Averages  by  Years. 


1889 
1890 
1891 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


5.81 
6.18 
7.09 
6.25 
6.07 
6.75 
7.32 
7.37 
7.00 
7.46 
7.57 


.0027 
.0031 
.0020 
.0023 
.0026 
.0025 
.0020 
.  0022 
.0021 
.0030 
.0030 


.0081 
.0050 
.0039 
.0035 
.0033 
.0043 
.0049 
.0040 
,0076 
,0065 
,0044 


0.44 
0.56 
0.65 
0.63 
0.62 
0.79 
0.92 
0.91 
1.00 
0.90 
0.85 


.0308 
.0866 
.0631 
.0707 
.0460 
.0515 
.0230 
.0317 
.0245 
.0303 
.0382 


.0004 
.0002 
,0001 
,0001 
,0001 
,0001 
,0000 
,0002 
,0001 
,0001 
,0003 


3.0 
2.8 
2.6 
2.8 
3.0 
3.2 
3.3 
3.2 
3.2 


.0099 
.0272 
.0130 
.0145 
.0072 
.0090 
.0047 


Note  to  analyses  of  1899  :  Odor,  none. 
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framingham. 

Water  Supply  of  State  Camp  Gtround,  Framingham. 

The  advice  of  the  State  Board  of  Health  to  the  Medical  Director 
of  the  First  Brigade,  M.  V.  M.,  with  reference  to  the  quality  of 
the  water  supply  of  the  camp  at  South  Framingham,  may  be  found 
on  pages  13  to  15  of  this  volume. 

Chemical  Examination  of  Water  from  Learned' s  Pond,  Framingham. 

[Parts  per  100,000.] 


Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

o 
O 

tion. 

a 

a 

c 
0 
0 

>, 

ALBUMINOID. 

J^ 

"S 

m 

a 

o 

■a 

a 

g 

a 

05. 

"5 

> 
0 

■3 

J  c 

c 
0 

0 

h 

1 

C    .. 

55 

Q 

H 

M 

<j 

t- 

h^ 

(ii 

H 

Q 

Tj 

0 

•^ 

iz; 

0 

a 

1899. 

28538 

Sept.  11 

None. 

V.  Blight, 

.05 

1.70 

0.60 

.0004 

.0158 

.0146 

.0012 

.22 

.0000 

.0000 

.10 

0.0 

28539 

Sept.  11 

Decided. 

Cons. 

.03 

1.60 

0.50 

.0018 

.0122 

.0110 

.0012 

.25 

.0010 

.0000 

.09 

0.0 

Odor  of  the  first  sample,  faintly  vegetable;  of  the  second,  distinctly  unpleasant. The  first  sample 

was  collected  from  the  pond  near  the  pumping  station ;  the  second,  from  a  faucet  at  the  camp  ground. 


Water  Supply  of  Franklin.  —  Franklin  Water  Company. 

Chemical  Examviation  of  Water  from  the  Wells  of  the  Franklin  Water  Company. 

[Parts  per  100,000.] 


c 
0 

0 

s. 

ni 

Appearance. 

S 

"3 

§1 

II 

1 

Ammonia. 

i 

6 

Nitrogen 
as 

•6 

1 

so 

5 

c 
■a 

a 

.0 

a 
tz; 

is 
3 

3 

H 

1 

i 
8 

2 
0 

c 

< 

1 

g 

1899. 

27001 

May     3 

V.  slight. 

V,  slight. 

.08 

7.00 

.0008 

.0014 

0.71 

.2000 

.0000 

.09 

2.6 

.0180 

27345 

June    7 

Decided, 

Cons. 

.30 

5.80 

.0004 

.0158 

0.41 

.0520 

.0000 

.37 

1.7 

.0250 

27669 

July    6 

milky. 
V.  slight. 

V.  slight. 

.05 

8.90 

.0010 

.0006 

0.84 

.2470 

.0000 

.03 

2.9 

.0040 

28025 

Aug.    2 

V.  slight. 

V.  slight. 

.03 

8.60 

.0002 

.0016 

0.83 

.1880 

.0000 

.04 

3.1 

.0100 

28528 

Sept.   7 

V.  slight. 

V.  slight. 

.07 

8.90 

.0004 

.0014 

0.94 

.1900 

.0000 

.02 

3.0 

.0100 

28889 

Oct.     4 

V.  slight. 

V.  slight. 

.01 

9.00 

.0006 

.0014 

1.00 

.2700 

.0000 

.02 

3.3 

.0050 

Av... 

.09 

8.03 

.0006 

.0037 

0.79 

.1912 

.0000 

.09 

2.8 

.0120 

Odor  of  the  second  sample,  faintly  musty;  of  the  others,  none. 
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GARDNER. 

Watee  Supply  of  Gaedner.  —  Gaedner  Water  Company, 

Chemical  Examination  of  Water  from  Crystal  Lake,  Gardner. 

[Parts  per  100,000.] 


Residue  on 

o 

o 
O 

o 

Appearance. 

Evapora- 
tion. 

Ammonia. 

B 
o 

Nitrogen 

AS 

1 

o 

c 
o 
O 
c 
bo 

■a 
2 

a 

•3 

u 

o 

1 

o 

§1 

I 

ALBUMINOID. 

1 

1 

1 

a 

t 
O 

•o 
> 

1 

■a 
.  c  . 

3  O. 

1 

"A 

q 

H 

a 

O 

H 

tJ 

^ 

H 

Q 

m 

O 

s 

O 

9 

1899. 

26592 

Mar.  28 

V.  Blight. 

V.  Blight. 

.07 

3.40 

1.15 

.0056 

.0140 

.0130 

.0010 

.34 

.0180 

.0002 

.22 

1.0 

27611 

June  28 

V.  slight. 

V.  Blight 

.09 

3.00 

1.25 

.0010 

.0180 

.0170 

.0010 

.32 

.0070 

.0002 

.24 

1.1 

28794 

Sept.  28 

V.  Blight. 

V.  slight. 

.08 

3.15 

1.00 

.0006 

.0238 

.0220 

.0018 

.29 

.0020 

.0000 

.26 

o.s 

29588 

Dec.     6 

V.  slight 

V.  Blight. 

.02 

2.90 

1.00 

.0014 

.0192 

.0182 

.0010 

.36 

.0010 

.OUOO 

.19 

0.6 

Averages  by  Years, 


1893 

.05 

2.65 

0.82 

.0012 

.0126 

.0105 

.0021 

.27 

.0021 

.0000 

.19 

1894 

.  _ 

_ 

.04 

2.75 

0.98 

.0009 

.0111 

.0094 

.0017 

.31 

.0023 

.ooooj 

.15 

1895 

_ 

_ 

.05 

2.75 

0.97 

.0008 

.0192 

.0170 

.0022 

.34 

.0020 

.0000 

.17 

1896 

_ 

_ 

.06 

3.07 

0.94 

.0020 

.0156 

.0120 

.0036 

.33 

.0050 

.0000 

.18 

1897 

_ 

_ 

.12 

3.31 

1.04 

.0010 

.0176 

.0145 

.0031 

.38 

.0096 

.0000 

.19 

1898 

_ 

- 

.08 

3.46 

1.31 

.0014 

.0152 

.0133 

.0019 

.37 

.0082 

.0000 

.23 

1899 

- 

- 

.06 

3.11 

1.10 

.0021 

.0187 

.0175 

.0012 

.33 

.0070 

.0001 

.23 

Note  to  analyses  of  1899  :  Odor  of  the  first  three  samples,  faintly  vegetable;  of  the  last,  none, 
heating,  the  odor  of  the  first  sample  became  faintly  fishy. 


0.8 
1.0 
1.2 
1.1 
1.0 
1.2 
0.9 


On 


Water  Supply  of  Gloucester. 

Chemical  Examination  of  Water  from  Dike's  Brook  Storage  Reservoir,  Gloucester . 

[Parts  per  100,000.] 


Odor  of  Ihe  first  sample,  dlBtinctly  unpleasant,  becoming  distinctly  fishy  on  heating;  of  the  others,, 
vegetable. 
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GLOUCESTER. 

Chemical  Examination  of  Water  from  Wallace  Pond,  Gloucester. 

[Parts  per  100,000.] 


_o 

Q 

o 

a 
Q 

Appearance. 

Uksipue  on 
Evapora- 
tion. 

Ammonia. 

'u 

o 

2 
o 

Nitrogen 

AS 

-a 

s 

3 

o 

o 

c 

o 

o 
O 

1 

c - 

J 

ALBUMINOID. 

'a 

1 

3 

•5 

S 

3 

1 
CO 

^ 

o 

> 
o 

5 

•6 

■a 

3  P. 

1 

B 

1899. 

26560 

Mar.  22 

V.  Blight. 

V.  Blight. 

.18 

4.25 

1.65 

.0002 

.0100 

.0076 

.0024 

1.22 

.0010 

.0001 

.33 

0.5 

27613 

June  28 

Decided. 

Cons. 

.25 

3.50 

1.65 

.0000 

.0-258 

.0194 

.0064 

1.11 

.0000 

.0000 

.40 

0.2 

27814 

July   18 

V.  slight. 

Slight. 

.20 

3.90 

1.25 

.0002 

.0208 

.0170 

.0038 

1.08 

.0020 

.0000 

.45 

0.3 

28387 

Aug.  28 

Slight. 

Cons., 

.30 

4.35 

2.10 

.0004 

.0298 

.0222 

.0076 

1.15 

.0010 

.0000 

.51 

0.3 

28740 

Sept.  26 

Decided. 

green. 
Cons. 

.45 

4.35 

1.65 

.0056 

.0340 

.02.54 

.0086 

1.15 

.0020 

.0000 

.49 

0.3 

29125 

Oct.   24 

Slight. 

Slight. 

.40 

4.00 

1.40 

.0002 

.0334 

.0256 

.0078 

1.06 

.0040 

.0000 

.50 

0.3 

29460 

Nov.  22 

V.  slight. 

Slight, 

.42 

4.45 

1.70 

.0044 

.0306 

.0246 

.0060 

1.11 

.0010 

.0000 

.44 

0.2 

29804 

Dec.  27 

Decided. 

Cons. 

.57 

4.40 

1.60 

.0114 

.0276 

.0192 

.0084 

1.13 
1.13 

.0020 

.0000 

.46 
.45 

0.2 

Av... 

.35 

4.15 

1.62 

.0028 

.0265 

.0201 

.0064 

.0016 

.0000 

n  3 

Odor  of  Nos.  29125  and  29460,  faintly  unpleasant,  becoming  distinctly  unpleasant  and  fishy  on  heat- 
ing; of  the  others,  faintly  vegetable,  becoming  stronger,  and  in  March  and  September  fishy  on  heating. 

Microscopical  Examination  of  Water  from  Wallace  Pond,  Gloucester. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Mar. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 

23 

29 

19 

29 

27 

25 

23 

29 

Number  of  sample,  .... 

26560 

27613 

27814 

28387 

28740 

29125 

29460 

29804 

PLANTS. 

Diatomacese,     .... 

8 

488 

220 

86 

12 

ID 

15 

30 

Synedra, 

1 

430 

186 

82 

10 

4 

12 

25 

Cyanophycese,  .... 

0 

0 

10 

100 

146 

4 

0 

0 

Anabaena 

0 

0 

10 

98 

144 

0 

0 

0 

Aigse 

0 

26 

0 

6 

2 

0 

0 

0 

ANIMALS. 

Rhizopoda,  Actinophrys, 

0 

0 

2 

0 

0 

0 

0 

0 

Infusoria 

36 

256 

206 

98 

526 

294 

47 

45 

Ciliated  infusorian,    . 

Cryptomonas 

Dinobryon,          .... 
Peridinium,         .... 
Raphidomonas,  .... 
Uroglena 

0 
0 

11 

19 
0 
0 

10 

10 

12 

218 

2 

0 

0 

40 

10 

150 

0 

0 

0 
0 
0 
78 
14 
0 

0 

2 

8 

468 

16 

20 

0 
80 
0 
186 
0 
10 

0 
4 
0 
38 
0 
0 

0 
4 
4 
32 
0 
0 

Vermes 

2 

0 

4 

3 

2 

2 

6 

0 

Miscellaneous,  Zoogloea, 

5 

20 

7 

12 

8 

7 

5 

5 

Total 

51 

790 

449 

305 

696 

317 

73 

80 
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GLOUCESTER. 

Chemical  Examination  of  Water  from  HaskelVs  Pond,  Gloucester, 

[Parts  per  100,000.] 


KESIDtlE  ON 

c 

Appearance. 

EVAPOBA- 

Ammonia. 

Nitrogen 

:3 

TION. 

id 

3 

c 

ALBDMINOID. 

5 

i 
a 

a 

o 
■S 

01 

■3 
S 

1 

•3 

i 

B 

li 

2 

a 

■a 
o 

3  O. 

c 
o 

2 

«> 

o 

1 

01 
01 

^ 

Q 

H 

tn 

u 

H 

J 

Ed 

EH 

a 

05 

O 

iz; 

g 

o 

a 

1899. 

29665 

Dec.  14 

Decided. 

Slight. 

.90 

4.95 

2.15 

.0248 

.0.316 

.0268 

.0048 

.95 

.0010 

.0000 

.88 

0.3 

Odor,  vegetable. The  eample  was  collected  from  the  pond,  at  its  outlet. 


Watee  Supply  of  Grafton.  —  Grafton  Water  Company. 

Chemical  Examination  of  Water  from,  the  Filter-gallery  of  the  Orafton  Water 

Company. 

[Parts  per  100,000.] 


.2 
o 

(S 

Q 

Appearance. 

c 
o 

Ammonia. 

•c 

o 
o 

Nitrogen 

AS 

a 

s 

3 

o 

a 
■a 

1 

1 

S5 

2 
B 

3 
Eh 

1 

o 
OS 

o 
o 
O 

2 

ClH 

■a 

o 
a 

< 

1 

s 

2; 

c 

2 

27.S38 

1899. 

June    6 

None. 

None. 

.00 

10.20 

.0000 

.0018 

1.31 

.2900 

.0000 

.03 

3.4 

.0020 

27689 

July    7 

V.  slight. 

None. 

.02 

9.50 

.0010 

.0028 

1.16 

.2600 

.0002 

.00 

3.3 

.0070 

28024 

Aug.   1 

V.  slight. 

V.  slight. 

.03 

10.30 

.0004 

.0018 

1.14 

.1700 

.0000 

.04 

3.9 

.0550 

28524 

Sept.   7 

V.  Blight. 

Slight, 
clayey. 

.03 

9.70 

.0000 

.0040 

0.97 

.1360 

.0000 

.06 

3.0 

.0200 

Av... 

.02 

9.92 

.0003 

.0026 

1.14 

.2140 

.0000 

.03 

3.4 

.0210 

Odor,  none. The  first  four  samples  were  collected  from  faucets  in  the  town;  the  last,  from  the 

pump  well  at  the  pumping  station. 
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GRANVIIiliE. 

Granville. 
The  advice  of  the  State  Board  of  Health  to  Claude  A.  Magill  and 
others,  with  reference  to  a  source  of  water  supply  for  the  town 
of  Granville,  may  be  found  on  pages  15  and  16  of  this  volume. 
Analyses  of  samples  of  water  collected  from  suggested  sources  of 
supply  are  given  in  the  following  table  :  — 

Chemical  Examination  of  Water  from  Brooks  in  Oranville. 

[Parte  per  100,000.] 


o 
O 

o 
1 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

_B 

5 
S 

Nitrogen 

AS 

i 

3 
B 

s 

5 

3 

B 
1 

o 

« 
o 

H 

s 
o 

OS) 

X  1— 1 
O 

ALBUMINOID. 

43 

g 

1 

O 

> 

S 

■a 
•a 

1    B 

3  B. 

m 

c 
"S 

1899. 

27524 

June  21 

V.  slight. 

Slight. 

.21 

3.50 

0.85 

.0014 

.0122 

.0110 

.0012 

.18 

.0020 

.0000 

.82 

1.0 

28122 

Aug.    9 

None. 

V.  slight. 

.08 

3.95 

0.90 

.0018 

.0096 

.0082 

.0014 

.29 

.0040 

.0000 

.21 

0.6 

27525 

June  21 

V.  slight. 

Slight. 

.45 

3.80 

1.60 

.0006 

.0200 

.0180 

.0020 

.11 

.0000 

.0000 

.70 

0.5 

28121 

Aug.   9 

None. 

V.  slight. 

.09 

3.25 

0.85 

.0000 

.0084 

.0056 

.0028 

.10 

.0040 

.0000 

.19 

0.3 

Odor,  faintly  vegetable,  or  none. The  first  two  samples  were  collected  from  Tinker  Brook,  on 

north  side  of  road  from  Granville  to  Granville  Centre;  the  last  two,  from  Seymour  Brook,  about  half 
a  mile  above  junction  with  Trumble  Brook. 


"Water  Supply  of  Great  Barrington. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Great 
Barrington,  with  reference  to  the  present  sources  of  water  supply 
of  the  town  and  the  quality  of  the  water  of  a  proposed  additional 
source  of  supply,  may  be  found  on  pages  16  and  17  of  this  volume. 
Analyses  of  samples  of  water  collected  during  the  investigations 
from  various  sources  in  Great  Barrington  and  vicinity  are  given  in 
the  following  table  :  — 
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GREAT  BARRINGTON. 

Chemical  Examination  of  Water  from  Various  Surface  Water  Sources  in   Great 

Barring  ton  and  Vicinity. 

[Parts  per  100,000.] 


Appearance. 

Kesidde  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

■d 

1 

s 

o 
O 

•s 

"S 

Q 

•3 
3 

g 

i 

Q 

■3 

c 
0 

T 

Z 

h 

ALBDMINOID. 

<a 

c 

0 

0 

1 

'»-) 

S 

a 
0 

c 
0 

s 

■3 
0 
Eh 

1 

5 

•a 
1  1= 

S  P. 

a 
•a 

S3 

m 

1899. 

28365 

Aug.  24 

None. 

None. 

.00 

9.10 

1.25 

.0006 

.0026 

.0026 

.0000 

.09 

.0190 

.0000 

.05 

5.7 

28371 

Aug.  24 

V.  Blight. 

Slight. 

.09 

6.10 

1.45 

.0066 

.0132 

.0094 

.0038 

.08 

.0010 

.0001 

.24 

3.3 

28372 

Aug.  24 

V.  Blight 

Slight. 

.10 

11.30 

3.20 

.0006 

.0502 

.0366 

.0136 

.07 

.0020 

.0000 

.56 

3.8 

28633 

Sept.  15 

Slight. 

Cons. 

.08 

11.90 

3.30 

.0016 

.0540 

.0432 

.0108 

.09 

.0010 

.0000 

.56 

8.9 

28366 

Aug.  24 

None. 

V.  Blight. 

.00 

7.75 

1.05 

.0026 

.0030 

.0026 

.0004 

.06 

.0090 

.0001 

.04 

4.6 

28630 

Sept.  15 

V.  Blight. 

V.  slight. 

.02 

9.30 

1.25 

.0014 

.0044 

.0042 

.0002 

.08 

.0070 

.0000 

.12 

6.1 

27914 

July  27 

V.  Blight. 

V.  slight. 

.05 

7.20 

- 

.0020 

.00.54 

- 

- 

.09 

.0040 

.0000 

.05 

4.4 

28367 

Aug.  24 

V.  Blight. 

V.  slight 

.14 

5.25 

1.90 

.0014 

.0072 

.0058 

.0014 

.05 

.0010 

.0000 

.22 

3.3 

28631 

Sept.  15 

Slight. 

Cons. 

.15 

7.70 

1.65 

.0002 

.0186 

.0164 

.0022 

.07 

.0000 

.0000 

.31 

5.0 

2836S 

Aug.  24 

V.  Blight. 

Slight. 

.14 

13.85 

2.25 

.0018 

.0090 

.0058 

.0032 

.07 

.0110 

.0001 

.17 

8.1 

28369 

Aug.  24 

V.  slight. 

Slight. 

.10 

11.95 

3.45 

.0018 

.0196 

.0172 

.0024 

.07 

.0010 

.0000 

.29 

7.1 

28370 

Aug,  24 

None. 

V.  slight. 

.02 

6.90 

1.50 

.0022 

.0146 

.0138 

.0008 

.07 

.0000 

.0000 

.20 

4.3 

28373 

Aug.  24 

V.  Blight. 

Slight. 

.08 

8.50 

2.30 

.0024 

.0274 

.0232 

.0042 

.07 

.0020 

.0000 

.29 

4.9 

28632 

Sept.  15 

V.  slight. 

Slight. 

.06 

8.30 

2.35 

.0010 

.0292 

.0268 

.0024 

.06 

.0020 

.0000 

.37 

5.7 

28634 

Sept.  16 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9.3 

28374 

Aug.  24 

V.  slight. 

Slight. 

.10 

11.85 

2.75 

.0014 

.0088 

.0074 

.0014 

.11 

.0110 

.0002 

.16 

7.4 

Odor  of  Nob.  28365,  28630  and  27914,  none;  of  No.  28371,  faintly  vegetable;  of  Nos.  28372,28633, 
28632  and  28374,  distinctly  unpleasant;  of  Nos.  28366  and  28367,  none,  becoming  distinctly  vegetable  on 
heating;  of  Nos.  28631,  28370  and  28373,  distinctly  vegetable;   of  Nos.  28368  and  28369,  none,  becoming 

distinctly  vegetable  on  beating.    The  odor  was  not  determined  in  No   28634. No.  28365  was  collected 

from  the  low-service  pumping  station,  drawing  water  from  Green  River;  No.  28371  from  East  Mountain 
Reservoir,  one  of  the  sources  of  supplj'  of  the  town;  Nos.  28372  and  28633,  from  Lake  Mansfield,  from 
which  water  is  drawn  for  fire  protection;  Nos.  28366  and  28630,  from  Seekonb  Brook,  just  above  the 
bridge  iu  Alford  Village;  No.  27914,  from  spring  near  Roaring  Brook,  on  Laird  Farm;  Nos.  28367  and 
28631,  from  Roaring  Brook,  near  Laird  Farm;  No.  28638,  from  Muddy  Brook  or  Konkapot  River,  just 
east  of  Three  Mile  Hill;  No.  28369,  from  the  north-westerly  end  of  Lake  Buel;  No.  28370,  from  Prospect 
Lake  in  Egremont;  Nos.  28373  and  28632,  from  the  easterly  side  of  Long  Pond;  No.  28634,  from  Round 
Pond;  No.  28374,  from  Seymour  Brook  near  the  saw  mill. 
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GREENFIELD. 


Water  Supply  of  Greenfield. 

Brook  Storage  Reservoir  in  Leyden. 


Chemical  Examination  of  Water  from  Glen 

[Parts  per  100 


000.] 


o 

i 

o 

03 

Q 

Appearance. 

Kesidhb  on 
Evapora- 
tion. 

Ammonia. 

a 
o 

o 

.10 
.13 

.13 
.12 
.12 

Nitrogen 
as 

a 

s 

o 
U 

a 

o 

S 
B 

3 

1 

u 

o 

I 

1 

0) 

ALBUMINOID. 

'S, 

1 

3 

13 
O 

5 

1  c 
a  p. 

c 

26577 
27621 
28781 
29793 

1899. 

Mar.  27 

June  28 
Sept.  27 
Dec.  27 

V.  slight 
V.  slight. 
V.  slight. 
V.  slight. 

V.  slight. 
V.  slight. 
V.  slight. 
None. 

.01 
.02 
.07 
.07 
.04 

4.25 
6.20 
5.60 
5.35 

0.50 
0.85 
1.15 
0.80 

.0018 
.0028 
.0018 
.0000 
.0016 

.0028 
.0168 
.0108 
.0050 

.0026 
.0146 
.0098 
.0048 

.0002 
.0022 
.0010 
.0002 
.0009 

.0040 
.0120 
.0010 
.0110 
.0070 

.0000 
.0000 
.0000 
.0000 

.03 
.11 
.15 
.10 
.10 

2.6 
3.6 
3.5 
3.3 

Av... 

5.35 

0.82 

.0088 

.0079 

.0000 

?..'?. 

Odor,  none.    A  faintly  vegetable  odor  was  developed  in  the  second  sample  on  heating. 


Water  Supply  of  Groton.  —  Groton  Water  Company. 

Chemical  Examination  of  Water  from  the  Well  of  the  Groton  Water  Company. 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appearance. 

o 

=  > 

Ha 

Ammonia. 

c 
■§ 

Nitrogen 
as 

"d 

a 

s 

s 

1 

c 
■a 

oj 

c 

a 

3 

2; 

■5 
S 

3 
Eh 

a 

1 
■3 

03 

o 

5 

£ 

■6 
"3 

< 

1 

1 

p 
o 

25833 

1S99. 

Jan.     3 

None. 

None. 

.00 

4.10 

.0000 

,0000 

.16 

,0070 

,0000 

,01 

2.0 

.0010 

26287 

Feb.  21 

None. 

V.  slight. 

.00 

5.50 

.0000 

,0006 

.17 

,0080 

,0000 

,02 

2.2 

.0020 

26665 

Apr.    4 

None. 

None. 

.00 

4.20 

.0002 

.0006 

,15 

,0070 

.0000 

,02 

1,4 

.0040 

27080 

May     8 

None. 

None, 

.00 

3.00 

.0000 

.0010 

,15 

.0090 

.0000 

,02 

1.6 

.0020 

27344 

June    6 

V.  Blight. 

None. 

.02 

3.70 

.0000 

.0010 

,20 

.0100 

.0000 

,02 

1,7 

.0040 

27664 

July    5 

V.  slight. 

None, 

.02 

4.30 

.0004 

.0020 

,20 

.0080 

.0000 

,01 

2,0 

.0030 

28045 

Aug.    3 

None. 

None. 

,03 

5.10 

.0000 

.0016 

,22 

,0120 

.0000 

.03 

2,1 

.0060 

28465 

Sept.   4 

V.  Blight. 

None. 

.07 

4.90 

.0000 

.0014 

,16 

,0040 

.0000 

,05 

2,0 

.0150 

28916 

Oct.     6 

V.  Blight. 

None. 

.05 

5.40 

.0000 

.0010 

,18 

.0030 

.0000 

,02 

2.6 

.0060 

29240 

Nov.    4  1 

None. 

None. 

.04 

6.60 

.0000 

.0012 

,17 

.0070 

.0000 

,03 

3.0 

.0070 

29599 

Dec.     7 

None. 

None. 

,00 

4.80 

.0000 

.0008 

,18 

.0030 

.0000 

,02 

2.3 

.0030 

Av... 

,02 

4.69 

.0001 

.0010 

,18 

.0071 

,0000 

,02 

2.1 

.0048 

1 

Odor,  none. 
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GBOTON. 

Chemical  Examination 


of  Water  from  Baddacook  Pond,  Oroton. 

[Parts  per  100,000.] 


i 

o 

o 
O 

o 

"S 
Q 

APPBAKANCE. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 
2 
o 

.08 
.03 
.18 
.19 
.19 
.18 
.14 

NiTBOGEN 
AS 

i 

3 

a 
o 

o 

c 

1 

o 

is 

in 

3 

B 
0) 

•    3. 

03 

o 
o 

"a 
o 

c 
o 

il 
J 

£ 

albuminoid. 

2 

« 

g 

o 

> 
(3 

•6 

■a 

1  s 

3  P. 
CO 

a 
K 

26286 
26664 
27343 
28044 
28915 
29598 

1899. 

Feb.  21 

Apr.    4 
June    6 
Aug.   3 
Oct.     6 
Dec.    7 

Decided. 
Slight. 
Slight. 
V.  Blight. 
Decided. 
V.  Blight. 

Slight. 
Slight. 
Slight. 
V.  Blight. 
Cons. 
V.  slight 

.20 
.05 
.48 
.27 
.26 
.36 

3.50 
1.00 
5.25 
5.30 
5.05 
5.15 

2.50 
0.55 
1.75 
2.00 
1.60 
1.65 

.0048 
.0006 
.0010 
.0000 
.0010 
.0004 

.0348 
.0114 
.0248 
.0218 
.0230 
.0214 
.0229 

.0180 
.0082 
.0200 
.0204 
.0220 
.0194 

.0168 
.0032 
.0048 
.0014 
.0010 
.0020 

.0010 
.0000 
.0010 
.0020 
.0010 
.0010 

.0001 
.0000 
.0000 
.0000 
.0000 
.0000 

1.23 
0.20 
0.71 
0.58 
0.52 
0.50 
0.62 

1.0 
0.0 
2.0 
2.0 
2.6 
2.3 

Av... 

.27 

4.21 

1.67 

.0013 

.0180 

.0049 

.0010 

.0000 

1.6 

Odor,  unpleasant  or  none.    An  unpleasant  odor  was  developed  in  all  of  the  samples  on  heating. 


Harvard. 
The  advice  of  the  State  Board  of  Health  to  Hildreth  Bros,   of 
Harvard,  with  reference  to  the  quality  of  the  water  of  a  well  used 
as  an  auxiliary  source  of  supply  for  several  houses  in  the  village  of 
Harvard,  may  be  found  on  pages  17  and  18  of  this  volume. 


Chemical  Examination  of  Water  from  a  Well  near  the  Factory  of  Hildreth  Bros., 

in  Harvard. 

[Parts  per  100,000.] 


c 

Appeakance. 

i 

Ammonia. 

Nitrogen 

-d 

B 

i 

o 

03 

'■3 
1 

3 

a 
e 

a 

U 
O 

3  > 

£ 

2 

c 

c 
o 
2 

■s 

5 

si 

B 

•s 

a 
2 

» 

a 

E-1 

OT 

u 

« 

f^ 

< 

O 

^ 

?i 

o 

X 

1899. 

26628 

Mar.  30 

None. 

V.  slight. 

.00 

10.50 

.0004 

.0014 

.44 

.0840 

.0000 

.01 

6.4 

.0080 

26593 

Mar.  28 

v.  slight. 

v.  Blight. 

.00 

4.60 

.0000 

.0034 

.32 

.0190 

.0000 

.03 

1.4 

.0020 

Odor,  none. The  first  sample  was  collected  from  a  tubular  well,  sunk  in  rock  to  a  depth  of  223 

feet.  The  well  is  situated  on  the  summit  of  a  hill,  near  the  factory  of  Hildreth  Bros.,  and  is  used  for 
the  supply  of  several  families.  The  second  sample  was  collected  from  a  well  on  the  side  of  the  hill 
below  the  well  from  which  the  first  sample  was  collected. 
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HARVARD. 


Chemical  Examination  of  Water  from  a  Well  in  Harvard. 

[Parts  per  100,000.] 


c 

Appearance. 

c 

Ammonia. 

NiTBOGBN 

•c 

a 

s 

o 

•3 

3 

1 
■3 

o 

2W 

£ 

c 

c 

1 
03 

'u 

Q 
_  O 

a 

P 

Iz; 

Q 

H 

30 

O 

as 

1^ 

<i 

s 

25 

Z, 

o 

a 

1899. 

I 

26594 

Mar.  28 

V.  slight. 

Cons. 

.05 

3.40 

.0000 

.0024 

.56 

.0040 

.0000 

.07 

0.5 

.0350 

Odor,  none, 
of  Harvard. 


-The  sample  was  collected  from  a  public  well,  located  in  the  common  in  the  village 


Water  Supply  of  Haverhill. 

Chemical  Examination  of  Water  from  Inlet  of  Crystal  Lake. 

[Parts  per  100,000.] 


i 

o 
o 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

0 

Nitrogen 

AS 

-a 

i 

c 

6 

c 
>, 

X 

0 

■3 
S 
s 

i 

■3 

o 

a 

■3 
0 

Eh 

1 

0 

2 

5a 

ALBUMINOID. 

1 

g 

1 

s 

0 
E- 

> 
0 

s 

•d 
■a 

c 

(.1 

K 

1899. 

25829 

Jan      2 

V.  slight. 

None. 

.19 

3.25 

1.10 

.0006 

.0162 

.0146 

.0016 

.29 

.0050 

.0001 

.34 

l.S 

26007 

Jan.  23 

V.  slight. 

Slight. 

.20 

3.75 

1.40 

.0008 

.0096 

.0076 

.0020 

.30 

.0140 

.0001 

.30 

1.1 

26275 

Feb.  20 

V.  slight. 

V.  slight. 

.17 

3.75 

1.45 

.0030 

.0130 

.0108 

.0022 

.23 

.0170 

.0000 

.34 

1.0 

26534 

Mar.  20 

None. 

V.  slight. 

.18 

2.55 

1.25 

.0040 

.0118 

.0108 

.0010 

.20 

.0120 

.0000 

.33 

0.5 

26890 

Apr.  24 

V.  slight. 

V.  slight. 

.29 

2.95 

1.10 

.0006 

.0132 

.0116 

.0016 

.27 

.0020 

.0000 

.39 

0.6 

27190 

May  22 

V.  slight. 

V.  slight 

.24 

3.45 

1.40 

.0014 

.0146 

.0136 

.0010 

.18 

.0030 

.0000 

.39 

1.3 

27589 

June  26 

V.  Blight. 

V.  slight. 

.20 

4.10 

1.35 

.0024 

.0178 

.0154 

.0024 

.19 

.0010 

.0000 

.38 

1.0 

27872 

July  24 

V.  slight. 

V.  slight. 

.11 

2.85 

1.45 

.0012 

.0204 

.0194 

.0010 

.21 

.0000 

.0000 

.37 

0.8 

28392 

Aug.  28 

V.  slight. 

V.  slight. 

.11 

2.95 

1.70 

.0012 

.0208 

.0190 

.0018 

.17 

.0010 

.0000 

.33 

0.6 

28733 

Sept.  25 

V.  slight. 

V.  slight. 

.08 

2.50 

1.15 

.0002 

.0188 

.0168 

.0020 

.22 
.22 

.0030 
.0054 

.0001 

.33 
.35 

1.1 

Av.*. 

17 

3.18 

1.34 

.0016 

.0159 

.0143 

.0016 

.0000 

0  9 

Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the  odor  of  some  of  the  samples 

became  distinctly  vegetable. The  samples  were  collected  from  the  principal  feeder,  just  above  its 

entrance  into  the  lake. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
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HAVERHILL. 

Chemical  Examination 


of  Water  from  Crystal  Lake,  Haverhill. 

[Parts  per  100,000.] 


c 
o 

% 

o 
O 
o 
o 

a 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Amjionia. 

o 

Nitrogen 

as 

■a 

a 

s 
c 

5 

c 

>> 
►< 
o 

2 

i 
a: 

o 
o 

"3 

d 
2 

|| 
o 

1m 

albuminoid. 

■2 
2 

1 

9^ 

a 
2 

3 

•a 
> 
o 

(5 

•6 

Si 

1  c 

3  O. 
Tj 

1 

a 

•g 

25830 

1899. 

Jan.  2 

Slight. 

Cons. 

.21 

3.45 

1.65 

.0010 

.0334 

.0236 

.0098 

.28 

.0010 

.0001 

.46 

1.0 

26008 

Jan.  23 

None. 

V.  slight. 

.21 

3.25 

1.55 

.0004 

.0140 

.0124 

.0016 

.26 

.0010 

.0001 

.38 

1.0 

26276 

Feb.  20 

None. 

V.  slight. 

.14 

3.75 

1.50 

.0028 

.0160 

.0148 

.0012 

.33 

.0050 

.0001 

.36 

1.3 

26535 

Mar.  20 

V.  slight. 

V.  Blight. 

.11 

3.40 

1.40 

.0024 

.0148 

.0144 

.0004 

.29 

.0060 

.0001 

.34 

1.0 

26891 

Apr.  24 

V.  slight. 

V.  Blight. 

.13 

2.70 

1.00 

.0006 

.0120 

.0116 

.0004 

.27 

.0030 

.0001 

.30 

0.8 

27191 

May  22 

V.  slight. 

V.  slight. 

.18 

2.95 

1.05 

.0000 

.0148 

.0142 

.0006 

.26 

.0030 

.0007 

.33 

1.1 

27590 

June  26 

V.  slight. 

V.  slight. 

.21 

3.00 

1.50 

.0010 

.0208 

.0194 

.0014 

.20 

.0010 

.0000 

.40 

0.8 

27873 

July  24 

V.  Blight. 

V.  slight. 

.15 

2.85 

1.45 

.0004 

.0216 

.0198 

.0018 

.21 

.0000 

.0001 

.41 

0.8 

28393 

Aug.  28 

V.  slight. 

Cons. 

.11 

3.15 

1.50 

.0008 

.0210 

.0176 

.0034 

.17 

.0010 

.0000 

.38 

1.1 

28734 

Sept.  25 

V.  slight. 

V.  slight. 

.08 

3.50 

1.00 

.0006 

.0162 

.0158 

.0004 

.45 

.0050 

.0001 

.19 

1.7 

29154 

Oct.  25 

V.  slight. 

V.  slight. 

.10 

2.90 

1.25 

.0004 

.0170 

.0158 

.0012 

.28 

.0040 

.0000 

.29 

0.8 

29161 

Oct.  25 

V.  Blight. 

V.  slight. 

.10 

2.70 

0.90 

.0014 

.0172 

.0156 

.0016 

.26 

.0020 

.0000 

.31 

0.6 

29465 

Nov.  22 

None. 

V.  slight. 

.09 

3.30 

1.00 

.0010 

.0160 

.0154 

.0006 

.45 

.0010 

.0000 

.18 

1.3 

29466 

Nov.  22 

V.  Blight. 

V.  slight. 

.08 

3.05 

0.95 

.0010 

.0166 

.0154 

.0012 

.37 

.0010 

.0000 

.26 

1.0 

29802 

Dec.  27 

V.  slight. 

V.  slight. 

.14 

3.75 

1.15 

.0002 

.0134 

.0130 

.0004 

.44 

.0010 

.0000 

.19 

1.7 

Averages  by  Years. 


1893 
1894 
1895 
1896 
1897 
1898 
1899* 


- 

.26 

2.73 

1.12 

.0003 

.0182 

.0150 

.0032 

.24 

.0020 

.0000 

.37 

- 

.17 

3.05 

1.03 

.0017 

.0220 

.0193 

.0027 

.27 

.0007 

.0000 

.34 

- 

.11 

3.32 

1.22 

.0012 

.0180 

.0159 

.0021 

.30 

.0015 

.0000 

.36 

- 

.25 

3.00 

1.22 

.0007 

.0219 

.0152 

.0067 

.27 

.0050 

.0000 

.38 

- 

.23 

2.99 

1.26 

.0008 

.0177 

.0141 

.0036 

.29 

.0022 

.0000 

.36 

- 

.21 

3.18 

1.37 

.0014 

.0201 

.0176 

.0025 

.31 

.0033 

.0000 

.37 

- 

.14 

3.20 

1.27 

.0009 

.0173 

.0158 

.0015 

.30 

.0025 

.0001 

.32 

Note  to  atialyses  of  1899 :  Odor  of  the  first  sample,  distinctly  fishy  and  oily;  of  the  second,  none, 

becoming  distinctly  fishy  and  oily  on  heating;  of  the  others,  generally  faintly  vegetable. Nos.  26276, 

28734,  29154  and  29161  were  collected  from  faucets  in  the  town;  the  others,  from  the  lake,  near  its  outlet. 


Microscopical  Exaviination. 

An  insignificant  number  of  organisms   was   found  in  each  of  the  samples,  except  in  the  sample 
collected  on  June  3,  which  contained  76  Uroglena  per  cubic  centimeter. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 
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HAVERHILL. 

Chemical  Examination  of  Water  from  Kenoza  Lake,  Haverhill. 

[Parts  per  100,000.] 


d 
2 

o 
O 

o 

■3 
Q 

Appeakance. 

Kesidoe  on 
Evapora- 
tion. 

Ammonia. 

6 

"C 

0 

S 
0 

Nitrogen 

AS 

•3 

a 

s 

i 

a 
0 

3 

c 
1 

'S 

0 

6 

0 

H 

S 

Is 

0 

ALBOMINOID. 

S3 

S 

1 

a 

1 

Total. 
Dissolved. 

1  c 

=  0, 

1 

t-i 

03 

a 

1899. 

26012 

Jan.  23 

Slight. 

V.  slight. 

.12 

3.95 

1.35 

.0004 

.0144 

.0136 

.0008 

.37 

.0010 

.0001 

.39 

1.4 

26451 

Mar.    5 

V.  slight. 

Cons. 

.08 

3.75 

1.00 

.0016 

.0148 

.0132 

.0016 

.42 

.0020 

.0002 

.24 

1.7 

26893 

Apr.  24 

V.  slight 

V.  slight. 

.07 

3.30 

1.05 

.0004 

.0148 

.0120 

.0028 

.36 

.0040 

.0000 

.24 

1.4 

27874 

July  24 

V.  slight. 

V.  slight. 

.05 

3.65 

1.25 

.0004 

.0176 

.0170 

.0006 

.37 

.0020 

.0001 

.25 

1.6 

29158 

Oct.   25 

V.  slight. 

None. 

.08 

3.65 

1.20 

.0006 

.0172 

.0164 

.0008 

.40 

.0020 

.0001 

.23 

1.6 

Averages  by  Tears. 


1888 

- 

- 

.01 

3.47 

0.81 

.0003 

.0148 

- 

- 

.34 

.0060 

.0000 

- 

1893 

- 

- 

.09 

3.55 

1.12 

.0013 

.0202 

.0163 

.0039 

.41 

.0010 

.0000 

.26 

1894 

- 

- 

.06 

3.40 

0.73 

.0015 

.0148 

.0132 

.0016 

.40 

.0027 

.0000 

.22 

1895 

- 

- 

.09 

3.97 

1.17 

.0005 

.0177 

.0165 

.0012 

.44 

.0000 

.0000 

.25 

1896 

- 

- 

.10 

3.86 

1.19 

.0011 

.0162 

.0142 

.0020 

.39 

.0021 

.0000 

.24 

1897 

- 

- 

.12 

3.83 

1.27 

.0012 

.0178 

.0163 

.0015 

.38 

.0022 

.0000 

.27 

1898 

- 

- 

.10 

3.72 

1.22 

.0006 

.0154 

.0144 

.0010 

.40 

.0022 

.0000 

.27 

1899 

- 

■       - 

.08 

3.66 

1.17 

.0007 

.0157 

.0144 

.0013 

.38 

.0022 

.0001 

.27 

1.6 
1.6 
2.0 
1.6 
1.9 
1.8 
1.5 


Note  to  analyses  of  1899  :  Odor  of  the  second  sample,  faintly  musty  and  disagreeable ;  of  the  others, 
faintly  vegetable. 

Chemical  Examination  of  Water  from  Lake  Saltonstall,  Haverhill. 

[Parts  per  100,000.] 


Odor  of  the  second  sample,  faintly  grassy,  becoming  distinctly  grassy  on  heating;  of  the  others,  none. 


198 


STATE   BOARD    OF   HEALTH.         [Pub.  Doc. 


HAVEEHIIili. 

Chemical  Examination  of  Water  from,  Lake  Pentucket,  Haverhill. 

[Parts  per  100,000.] 


c 

o 

1 

o 

s 

Appeaeancb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

1-1 

o 

S 
o 

NiTHOGEN 

AS 

■d 

§ 

3 

c 

5 

c 
be 

>, 

X 

o 

1 

o 
O 

5 

O 

ft 
1 

£ 

albuminoid. 

1 

1 

a 
1 

a 

> 

s 

■d 
,  c 

00  <U 

3  P. 

00 

■1 

1 

26013 
26898 
27875 
29159 

1899. 

Jan.  23 

Apr.  24 
July  24 
Oct.   25 

V.  Blight. 

V.  slight. 
V.  slight. 
V.  Blight. 

V.  Blight. 
V.  Blight. 
V.  slight. 
Slight. 

.07 
.05 
.06 
.06 

3.50 
3.15 
3.75 
3.75 

1.40 
1.00 
1.10 
1.10 

.0000 
.0000 
.0002 
.0016 

.0144 
.0116 
.0192 
.0206 

.0140 
.0102 
.0184 
.0200 

.0004 
.0014 
.0008 
.0006 

.45 
.38 
.39 
.46 
.42 

.0010 
.0010 
.0000 
.0020 

.0001 
.0000 
.0001 
.0000 

.23 
.18 
.26 
.23 
.22 

1.3 
1.3 
1.6 
1.3 

Av... 

.av... 

06 

3.54 

1.15 

.0004 

.0164 

.0156 

.0008 

.0010 

.0000 

1,4 

Odor  of  the  second  sample,  distinctly  vegetable  and  mouldy;  of  the  others,  none. 


Chemical  Examination  of  Water  from  Johnson's  Pond  in  Boxford  and  Oroveland. 

[Parts  per  100,000.] 


_S 

o 

o 

"« 
Q 

Appearance. 

Rksidub  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

■d 

a 

s 

o 

c 
be 
it, 

o 

c 

a 

o 

8 

i 

c 

o 

o 

u 
Cm 

albuminoid. 

2 

S 

u 

a 
1 

3 

o 

E- 

•a 
> 
o 

5 

•d 

t3 
,    C 

03 

a 

■s 

OS 

1899. 

26011 

Jan.   23 

V.  slight. 

V.  slight. 

.18 

4.00 

1.50 

.0000 

.0122 

.0116 

.0006 

.35 

.0030 

.0001 

.32 

2.0 

26892 

Apr.  24 

V.  slight. 

V.  slight. 

.11 

3.40 

0.85 

.0002 

.0122 

.0114 

.0008 

.37 

.0030 

.0001 

.26 

1.6 

27879 

July  24 

V.  slight. 

V.  slight. 

.10 

5.55 

1.55 

.0000 

.0182 

.0176 

.0006 

.32 

.0020 

.0000 

.31 

2.6 

29157 

Oct.  25 

None. 

V.  slight. 

.07 

3.65 

1.15 

.0010 

.0194 

.0182 

.0012 

.37 

.0010 

.0000 

.28 

1.7 

Averages  by  Years, 


_ 

1896 

- 

- 

.19 

4.32 

1.32 

.0011 

.0186 

.0157 

.0029 

.40 

.0032 

.0000 

.32 

2.0 

- 

1897 

- 

- 

.19 

4.28 

1.38 

.0011 

.0201 

.0180 

.0021 

.40 

.0048 

.0000 

.33 

2.1 

- 

1898 

- 

- 

•18 

4.02 

1.39 

.0010 

.0196 

.0182 

.0014 

.36 

.0032 

.0000 

.36 

1.9 

- 

1899 

- 

- 

.11 

4.15 

1.26 

.0003 

.0155. 0147 

.0008 

.35 

.0022 

.0000 

.29 

2.0 

Note  to  analyses  of  1899:  Odor  of  the  first  sample,  none;  of  the  third,  none,  becoming  faintly  un- 
pleasant on  heating;   of  the  others,  faintly  vegetable. The   second  sample  was  collected  from  the 

pond;  the  others,  from  faucets  in  the  city. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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HAVERHILL. 

Chemical  Examination  of  Water  from.  East  Meadow  River  at  its  Entrance  into 
Millvale  Reservoir,  Haverhill. 

[Parts  per  100,000.] 


Residue  on 



• 

c 

APPEAKANCE. 

Evapora- 

Ammonia. 

Nitrogen 

o 
O 
o 

tion. 

c 
o 

a 

3 

c 
o 

o 

s 

'■3 
3 

1 

o 

c 

o 

albominoid.     I 

1 

1 

"5 

■a 
> 
o 

•d 
1  c 

a 

"S 

o 

k. 

3  P. 

M 

'A 

« 

H 

tc 

U 

H 

i-i 

^ 

H 

Q 

CC 

U 

IZi 

K 

o 

W 

1899. 

26009 

Jan.  23 

V.  Blight. 

V.  slight. 

.52 

4.45 

1.85 

.0006 

.0122 

.0108 

.0014 

.26 

.0070 

.0001 

.64 

1.4 

26277 

Feb.  20 

V.  slight. 

V.  slight. 

.40 

4.75 

1.75 

.0032 

.0138 

.0120 

.0018 

.44 

.0100 

.0001 

.51 

1.7 

26536 

Mar.  20 

V.  slight. 

V.  slight. 

.39 

3.60 

1.50 

.0018 

.0142 

.01.34 

.0008 

.24 

.0020 

.0000 

.54 

0.8 

26894 

Apr.  24 

V.  slight. 

V.  slight. 

.58 

4.05 

1.90 

.0002 

.0142 

.0136 

.0006 

.22 

.0030 

.0000 

.63 

1.0 

27192 

May  22 

Slight. 

Slight. 

.67 

5.00 

2.25 

.0010 

.0214 

.0184 

.0030 

.25 

.0030 

.0000 

.73 

1.3 

27591 

June  26 

V.  slight. 

V.  slight. 

.37 

4.50 

1.90 

.0006 

.0180 

.0154 

.0026 

.23 

.0010 

.0000 

.55 

1.3 

27876 

July  24 

V.  slight. 

V.  slight. 

.33 

4.80 

1.55 

.0002 

.0164 

.0156 

.0008 

.26 

.0030 

.0000 

.40 

1.7 

28394 

Aug.  28 

V.  slight. 

V.  slight. 

.18 

4.70 

1.00 

.0006 

.0094 

.0088 

.0006 

.31 

.0020 

.0001 

.27 

1.6 

28735 

Sept.  25 

Blight. 

Slight. 

.40 

5.40 

1.90 

.0002 

.0198 

.0186 

.0012 

.34 

.0030 

.0002 

.60 

2.0 

29155 

Oct.    25 

v.  slight. 

V.  slight. 

.45 

6.00 

2.00 

.0008 

.0166 

.0152 

.0014 

.38 

.0020 

.0000 

.54 

2.1 

29467 

Nov.  22 

V.  slight. 

V.  Blight. 

.59 

6.20 

2.20 

.0028 

.0286 

.0272 

.0014 

.36 

.0010 

.0000 

.79 

2.0 

29782 

Dec.  26 

V.  slight. 

V.  slight. 

.68 

6.00 

2.15 

.0020 

.0178 

.0174 

.0004 

.38 

.0050 

.0000 

.89 

2.2 

Averages  by  Years. 


1896 
1897 
1898 
1899 


- 

.77 

5.52 

2.13 

.0012 

.0201 

.0177 

.0024 

.32 

.0049 

.0000 

.80 

- 

.88 

5.51 

2.25 

.0012 

.0213 

.0191 

.0022 

.32 

.0060 

.0000 

.79 

- 

.98 

5.15 

2.37 

.0009 

.0231 

.0209 

.0022 

.29 

.0040 

.0000 

.93 

- 

.46 

4.95 

1.83 

.0012 

.0169 

.0155 

.0014 

.31 

.0035 

.0000 

.59 

1.9 
2.0 
1.7 
1.6 


Note  to  analyses  of  1899 :  Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  all  of  the 

samples  became  vegetable  and  sometimes  mouldy  or  unpleasant. The  samples  were  collected  from 

the  river,  at  Thompson's  Bridge,  just  above  its  entrance  into  Millvale  storage  reservoir. 
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HAVERHILL,. 

Chemical  Examination  of  Water 


from  Millvale  Reservoir  on  East  Meadow  River, 
Haverhill. 

[Parts  per  100,000.] 


c 
o 

o 

o 
O 
t^ 
o 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

KiTROGEN 
AS 

a 

s 

B 

5 

c 

bo 

o 

S 
S 

3 

H 

1 
•5 

o 
o 

o 

c 

o 

3 

albuminoid. 

a) 
1 

5 

5 

1 

a 

I 

Q 

1  s 

3  O. 

"S 

es 
K 

26010 

1899. 

Jan.  23 

V.  slight. 

V.  slight. 

.52 

4.55 

1.70 

.0002 

.0124 

.0108 

.0016 

.27 

.0050 

.0000 

.60 

1.4 

26278 

Feb.  20 

V.  slight. 

V.  Might. 

.31 

5.00 

1.50 

.0034 

.0096 

.0084 

.0012 

.32 

.0070 

.0001 

.45 

2.0 

26537 

Mar .  20 

V.  slight. 

V.  slight. 

.39 

3.35 

1.35 

.0006 

.0138 

.0130 

.0008 

.25 

.0010 

.0000 

.54 

0.8 

26895 

Apr.  24 

V.  slight. 

V.  slight. 

.43 

3.45 

1.70 

.0010 

.0152 

.0120 

.0032 

.22 

.0010 

.0000 

.55 

0.6 

27193 

May  22 

Slight. 

Slight. 

.60 

4.25 

1.95 

.0006 

.0212 

.0198 

.0014 

.24 

.0040 

.0000 

.69 

1.3 

27592 

June  26 

V.  Blight. 

V.  slight. 

.57 

5.20 

1.95 

.0010 

.0212 

.0180 

.0032 

.21 

.0010 

.0000 

.63 

1.7 

27877 

July  24 

Slight. 

Slight. 

.39 

4.60 

1.80 

.0000 

.0228 

.0202 

.0026 

.27 

.0030 

.0000 

.59 

1.7 

28395 

Aug.  28 

Slight. 

Slight. 

.26 

3.45 

1.65 

.0006 

.0200 

.0174 

.0026 

.19 

.0020 

.0000 

.45 

1.1 

28736 

Sept.  25 

Decided. 

Cons. 

.21 

4.00 

1.50 

.0000 

.0190 

.0176 

.0014 

.28 

.0020 

.0000 

.39 

2.0 

29156 

Oct.   25 

V.  slight. 

V.  slight. 

.26 

4.75 

1.40 

.0006 

.0196 

.0178 

.0018 

.32 

.0010 

.0000 

.45 

1.7 

29468 

Nov.  22 

V.  slight. 

V.  slight. 

.45 

5.15 

1.80 

.0014 

.0254 

.0240 

.0014 

.34 

.0010 

.0000 

.59 

1.8 

29783 

Dec.  26 

Slight. 

V.  slight. 

.40 

5.35 

1.85 

.0006 

.0206 

.0190 

.0016 

.36 

.0010 

.0000 

.60 

1.8 

Averages  by  Years. 


_ 

1896 

_ 

_ 

.74 

5,15 

2.09 

.OOlOj.0223 

.0204 

.0019 

.32 

.0044 

.0000 

.76 

1.8 

_ 

1897 

- 

- 

.84 

4.99 

2.23 

.0009 

.0236 

.0211 

.0025 

.31 

.0040 

.0000 

.80 

1.8 

_ 

1898 

- 

.74 

4.78 

2.22 

.0008 

.0221 

.0201 

.0020 

.30 

.0030 

.0001 

.77 

1.6 

- 

1899 

- 

- 

.40 

4.42 

1.68 

.0008 

.0184.0165 

.0019 

.27 

.0024 

.0000 

.54 

1.5 

Note  to  analyses  of  1899:   Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the 

odor  of  most  of  the  samples  became  distinctly  vegetable  and  occasionally  unpleasant. The  samples 

were  collected  from  the  reservoir,  near  its  outlet. 


Microscojncal  Exaviination. 

The  average  number  of  organisms  per  cubic  centimeter  found  in  these  samples  was  1,932,  consisting 
chiefly  of  Synedra  and  Dinobryon. 
December. 


A  small  number  of  Uroglena  was  found  in  the  sample  collected  in 


No.  34.]     EXAMINATION  OF  WATEK  SUPPLIES. 


201 


HINGHAM  AND  HULIi. 

Water    Supply    of    Hingham    and    Hull.  —  Hingham    Water 

Company. 

Chemical  Examination  of  Water  from  Accord  Pond,  Hingham. 

[Parts  per  100,000.] 


s 

Appeakance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

NiTKOQEN 
AS 

■d 

01 

a 

s 

3 

c 

a 

o 
o 

"3 

a 
o 

°  ao 

o 

£ 

ALBUMINOID. 

c 
o 

s 

.65 

1 

S 

o 
a 

!>. 

K 

o 

o 

o 

o 

13 
> 

S 

•6 
■a 

a  a. 

a 
a 

1899. 

January, . 

V-.  Blight. 

V.  slight. 

.28 

3.33 

1.47 

.0003 

.0154 

.0130 

.0024 

.0013 

.0001 

.47 

0.3 

February, 

V.  slight. 

V.  slight. 

.33 

3.60 

1.80 

.0011 

.0157 

.0137 

.0020 

.65 

.0015 

.0000 

.63 

0.2 

March, 

V.  slight. 

V.  slight. 

.24 

2.95 

1.35 

.0014 

.0135 

.0113 

.0022 

.55 

.0018 

.0000 

.39 

0.2 

April, 

V.  slight. 

Slight. 

.27 

3.11 

1.37 

.0006 

.0140 

.0125 

.0015 

.61 

.0020 

.0000 

.43 

0.1 

May, 

V.  slight. 

Slight. 

.22 

3.06 

1.39 

.0008 

.0164 

.0143 

.0021 

.61 

.0004 

.0000 

.45 

0.0 

June, 

V.  Blight. 

V.  slight. 

.20 

3.05 

1.29 

.0005 

.0169 

.0141 

.0028 

.65 

.0017 

.0000 

.44 

0.1 

July,        •       . 

V.  slight. 

V.  Blight. 

.15 

2.75 

1.10 

.0000 

.0170 

.0140 

.0030 

.60 

.0000 

.0001 

.39 

0.2 

August,    . 

V.  slight. 

V.  slight. 

.10 

2.85 

1.25 

.0004 

.0124 

.0116 

.0008 

.67 

.0000 

.0000 

.36 

0.5 

September, 

V.  slight. 

V.  slight. 

.16 

3.35 

1.50 

.0002 

.0156 

.0146 

.0010 

.64 

.0020 

.0000 

.34 

0.3 

October,  . 

V.  Blight. 

V.  Blight. 

.13 

3.00 

1.40 

.0002 

,0148 

.0128 

.0020 

.61 

.0020 

.0001 

.28 

0.3 

November, 

V.  slight. 

V.  slight. 

.16 

3.10 

1.40 

.0002  .0148 

.0142 

.0006 

.59 

.0050 

.0000 

.34 

0.3 

December, 

V.  slight. 

V.  slight. 

.21 

2.50 

0.90 

.0010.0144 

.0132 

.0012 

.65 

.0020 

.0000 

.30 

0.3 

Averages  by  Years, 


1888 

- 

- 

.22 

2.93 

0.97 

.0001 

.0162 

- 

- 

.56 

.0046 

.0001 

- 

- 

1893 

- 

- 

.16 

3.02 

1.00 

.0003 

.0121 

.0103 

.0018 

.63 

.0032 

.0000 

.29 

0.3 

1894 

- 

- 

.20 

3.04 

1.11 

.0002 

.0114 

.0097 

.0017 

.62 

.0024 

.0000 

.33 

0.3 

1895 

- 

- 

.22 

3.50 

1.37 

.0008 

.0135 

.0121 

.0014 

.67 

.0110 

.0000 

.31 

0.3 

1896 

- 

- 

.22 

3.02 

1.22 

.0007 

.0150 

.0132 

.0018 

.62 

.0027 

.0000 

.37 

0.3 

1897 

- 

- 

.28 

3.01 

0.95 

.0005 

.0145 

.0117 

.0028 

.69 

.0037 

.0000 

.35 

0.5 

1898 

- 

- 

.31 

3.19 

1.40 

.0009 

.0175 

.0139 

.0036 

.63 

.0008 

.0000 

.42 

0.5 

1899* 

- 

- 

.20 

3.05 

1.35 

.0006 

.0151 

.0133 

.0018 

.62 

.0016 

.0000 

.40 

0.2 

Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable  and  sometimes  oily  and  fishy.  A  dis- 
tinctly oily  and  fishy  odor  was  developed  in  all  of  the  samples  collected  from  January  to  May,  inclusive. 

The  analyses  for  the  months  from  January  to  June,  inclusive,  are  the  averages  of  several  samples 
collected  during  the  month.    During  each  of  the  remaining  months  only  one  sample  was  collected. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 
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HINGHAM  AND  JSCUIjL.. 

Microscopical  Examination  of  Water  from  Accord  Pond,  Hingham, 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Date  of  examination,     .... 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jnne. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

PLANTS. 

Diatomacese 

18 

4 

13 

83 

106 

30 

11 

4 

7 

19 

46 

36 

Asterionella,        .... 

9 

1 

10 

66 

75 

8 

8 

0 

0 

1 

0 

4 

Cyanophycese 

0 

0 

0 

0 

6 

8 

0 

26 

16 

34 

0 

2 

Merismopoedia 

Microcystis,          .... 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
24 

16 
0 

0 
34 

0 
0 

0 

2 

Algse 

1 

0 

0 

0 

6 

1 

0 

24 

8 

0 

0 

0 

Fungi,  Molds 

0 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

ANIMALS. 

Infusoria 

33 

54 

24 

48 

49 

2B 

23 

11 

10 

7 

6 

18 

Ciliated  infusorian,      . 
Cryptomonas,       .... 

Dinobryon, 

Peridinlum 

Uroglena 

0 

11 

0 
0 
14 

39 

1 
0 
1 
8 

2 
0 

8 

1 
5 

0 

1 
12 

1 
28 

0 

1 

30 
0 
6 

0 
2 
3 
17 
0 

0 
0 
0 
22 
0 

0 
2 
0 
6 
0 

0 
0 
9 
U 
0 

0 
0 
4 

0 
0 

0 
0 
6 
0 
0 

0 
0 
9 
0 
0 

Vermes 

0 

•0 

2 

2 

1 

2 

0 

0 

0 

1 

0 

1 

Crustacea,  Cyclops,    . 

0 

0 

pr. 

pr. 

pr. 

0 

0 

0 

0 

pr. 

pr. 

0 

Miscellaneous,  Zobglcea,    . 

3 

2 

3 

4 

8 

4 

3 

3 

3 

8 

3 

3 

Total 

55 

60 

42 

137 

176 

72 

37 

68 

44 

69 

55 

60 

Chemical  Examination  of  Water  from  a  Faucet  in  Hingham,  supplied  from 

Accord  Pond. 

[Parts  per  100,000.] 


o 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

•6 

s 

o 
o 

o 

a 

3 

H 

1 

05 

i 

c 
3 

ALBUMINOID. 

1 

s 

c 

611 

o 

a 

6 

"5 
o 
E- 

■6 

1  c 

c 

03 

K 

1899. 

26032 

Jan.  24 

V.  slight. 

V.  slight. 

.31 

3.80 

1.40 

.0002 

.0142 

.0120 

.0022 

.61 

.0010 

.0000 

.44 

1.0 

26073 

Jan.  30 

V.  Blight. 

V.  Blight. 

.30 

4.00 

1.80 

.0002 

.0136 

.0128 

.0008 

.68 

.0010 

.0000 

.51 

0.6 

26166 

Feb.     6 

V.  slight. 

V.  slight. 

.26 

3.35 

1.55 

.0000 

.0132 

.0120 

.0012 

.62 

.0010 

.0000 

.46 

0.8 

26269 

Feb.  20 

V.  slight. 

V.  slight. 

.25 

4.00 

1.50 

.0010 

.0138 

.0120 

.0018 

.66 

.0050 

.0000 

.43 

1.1 

26378 

Mar.    ] 

V.  slight. 

V.  Blight. 

.33 

4.95 

1.60 

.0014 

.0128 

.0120 

.0008 

.67 

.0040 

.0000 

.37 

2.1 

26395 

Mar.    6 

V.  slight. 

Slight. 

.21 

4.75 

1.90 

.0014 

.0120 

.0112 

.0008 

.68 

.0020 

.0000 

.37 

1.7 

26468 

Mar.  13 

V.  slight. 

V.  slight. 

.27 

4.50 

1.50 

.0008 

.0104 

.0098 

.0006 

.57 

.0020 

.0000 

.36 

2.0 

26533 

Mar.  20 

None. 

V.  slight. 

.21 

4.70 

1.65 

.0010 

.0120 

.0116 

.0004 

.63 

.0020 

.0000 

.36 

1.8 

26679 

Mar.  27 

V.  slight. 

V.  slight. 

.28 

4.15 

1.25 

.0006 

.0109 

.0104 

.0005 

.56 

.0000 

.0000 

.37 

1.8 

26662 

Apr.    4 

None 

V.  slight. 

.32 

4.50 

1.50 

.0006 

.0104 

.0102 

.0002 

.62 

.0060 

.0000 

.35 

1.7 

26703 

Apr.  10 

V.  slight. 

V.  slight. 

.28 

3.00 

1.50 

.0004 

.0138 

.0130 

.0008 

.57 

.0010 

.0000 

.43 

0.3 

26856 

\pr.  17 

V.  slight. 

V.  slight. 

.25 

3.25 

1.45 

.0002 

.0124 

.0122 

.0002 

.62 

.0020 

.0000 

.46 

0.3 

27032 

May     8 

V.  Blight. 

V.  slight. 

.11 

5.00 

1.50 

.0000 

.0080 

.0060 

.0020 

.68 

.0080 

.0000 

.18 

1.6 

Odor,  faintly  vegetable  or  none.    A  fishy  and  oily  odor  was  developed  in  many  of  the  samples  on 
heating. 
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203 


HINGHAM  AND  HUIiX,. 

Microscopical  Examination  of  Water  from  a  Faucet  in  Hingham,  supplied  from 

Accord  Pond. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Jan. 

Feb. 

Feb. 

Mar. 

Mar. 

Mar. 

Mar. 

Mar. 

Apr. 

Apr. 

Apr. 

May. 

Day  of  examination,  . 

25 

31 

7 

21 

2 

7 

14 

21 

28 

6 

11 

18 

9 

Number  of  sample,     . 

26032 

26073 

26166 

26269 

26378 

26395 

26468 

26533 

26579 

26662 

26703 

26856 

27032 

PLANTS. 

Diatonaacese, 

20 

29 

18 

13 

1 

2 

0 

4 

5 

27 

65 

86 

646 

Asterionella, 

Synedra,        .... 

6 
14 

15 
14 

11 
3 

10 

1 

0 

1 

1 
1 

0 
0 

4 
0 

5 
0 

25 
2 

54 
3 

79 
.0 

4 
632 

AlgSB 

4 

6 

4 

0 

0 

0 

0 

0 

0 

0 

0 

2 

10 

ANIMALS. 

Infusoria,      .... 

1 

5 

1 

7 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Vermes 

0 

0 

0 

1 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Miscellaneous,  Zoogloea,    . 

0 

3 

3 

3 

0 

5 

0 

3 

0 

5 

3 

3 

0 

Total, 

25 

43 

26 

24 

1 

7 

0 

9 

5 

32 

68 

91 

656 

Chemical  Examination  of  Water  from  Fulling  Mill  Pond,  Eingham. 

[Parts  per  100,000.] 


o 

o 

o 

-2 

ai 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

3 
'u 
o 

s 

Kitbogen 

AS 

■a 
1 

3 

3 
O 
Q 
3 

S) 

■3 

3 

1 
•5 

c 

o 
o 
O 

"3 
o 

c 
o 

c~ 

M  M 

o 

albuminoid. 

i* 
g 

% 
a 

o 

o 

5 

■a 
•§ 

3  O, 
CO 

3 
■g 
OS 

w 

1899. 

26904 

Apr.  24 

V.  slight. 

None. 

.20 

4.75 

1.50 

.0000 

.0038 

.0036 

.0002 

.68 

.0110 

.0001 

.19 

1.3 

26997 

May     2 

V.  slight. 

V.  slight. 

.20 

4.80 

1.50 

.0006 

.0080 

.0072 

.0008 

.70 

.0160 

.0000 

.27 

1.4 

27416 

June  12 

V.  slight. 

Slight. 

.17 

5.10 

1.40 

.0016 

.0094 

.0074 

.0020 

.70 

.0070 

.0001 

.22 

1.3 

27702 

July  10 

V.  Blight. 

Slight. 

.20 

4.90 

1.00 

.0016 

.0180 

.0152 

.0028 

.81 

.0110 

.0000 

.32 

1.3 

28560 

Sept.  11 

V.  slight. 

V.  slight. 

.06 

5.30 

1.20 

.0020 
.0012 

.0048 

.0034 
.0074 

.0014 

.81 

.74 

.0120 

.0000 
.0000 

.06 
.21 

1.3 

Av... 

.17 

4.97 

1.32 

.0088 

.0014 

.0114 

1.3 

Odor  of  the  first  and  last  samples,  none;  of  the  others,  faintly  vegetable. The  first  two  samples 

were  collected  from  a  faucet  in  the  town ;  the  others,  from  the  gate-house,  and  represent  water  from  the 
filter  basin. 
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hinsdale. 

Water  Supply  of  Hinsdale  Fire  District,  Hinsdale. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale  Fire 

District. 

[Parts  per  100,000.] 


Kesidub  on 

1 

S 

Appearance. 

KVAPORA- 
TION. 

Ammonia. 

Nitrogen 

AS 

i 

a 

1 

tA 

o 

ALBUMINOID. 

o 
o 

■c 

. 

w 

1 

o 

2 

a 

5^ 

^ 

B 

V 

_: 

> 
o 

•a 
1  c 

o 

a; 

c 
1 

1 

o 

o 

o 

o 

3  P. 

^ 

a 

H 

02 

O 

H 

hi 

b 

Eh 

- 

03 

O 

Jzi 

o 

W 

1899. 

26303 

Feb.  21 

V.  slight. 

None. 

.20 

1.65 

0.90 

.0078 

.0106  .0100 

.0006 

.05 

.0010 

.0001 

.30 

0.3 

26919 

Apr   25 

None. 

V.  slight. 

.06 

1.50 

0.50 

.0006 

.0066. 0055'.  0011 

.05 

.0020 

.0001 

.20 

0.0 

27601 

June  27 

Slight. 

Slight. 

.12 

1.75 

1.10 

.0004 

.0188  .0126  .0062 

.04 

.0020 

.0000 

.34 

0.2 

28901 

Oct.     5 

Decided. 

Slight. 

.30 

1.75 

1.15 

.0000 

.0242  .0196  .0046 

.04 

.0010 

.0000 

.46 

0.2 

29698 

Dec.  19 

.    

Slight. 

Slight. 

.35 

2.30 

1.10 

.0004 

.0198  .0164 

1 

.0160  .0128 

.0034 

.05 
.05 

.0010 

.0000 

.32 
.32 

0.3 

Av... 

.21 

1.79 

0.95 

.0018 

.0032 

.0014 

.0000 

0.9. 

Odor,  faintly  vegetable  or  none;  in  June,  also  unpleasant.    On  heating,  the  odor  of  all  of  the  sam- 
ples was  vegetable. The  first  and  last  samples  were  collected  from  faucets  in  the  town,  the  others, 

from  the  reservoir. 

Water  Supply  of  Hole  rook. 
(See  Randolph.) 

Water  Supply  of  Holliston.  —  Holliston  Water  Company. 

Chemical  Examination  oj  Water  from  the  Well  of  the  Holliston  Water  Company. 

[Parts  per  100,000.] 


i 

Appearance. 

Ammonia. 

Nitrogen 

AS 

•d 

a 

a 

1 

03 

a 

§ 
3 
a 
Eh 

I 

_o 
Q 

6h 

o 

c 

1-1 

,      o 

1 

2 

g 

>> 

o 

c 
■o 
a 

a 

2 

1899. 

25956 

Jan.  16 

V.  Blight, 
milky. 

V.  slight. 

.24 

3.00 

.0002 

.0058 

.25 

.0010 

.0000 

.26 

0.8 

.0100 

26558 

Mar.  21 

V.  slight. 

None. 

.18 

2.60 

.0018 

.0076 

.17 

.0040 

.0001 

.28 

0.5 

.0050 

27229 

May  24 

Blight, 
milky. 

Slight. 

.36 

3.50 

.0010 

.0092 

.28 

.0050 

.0001 

.22 

1.3 

.0350 

27896 

July  24 

V.  slight. 

None. 

.16 

4.80 

.0004 

.0094 

.24 

.0040 

.0000 

.18 

1.3 

.0200 

28858 

Sept.  26 

V.  slight. 

V.  slight. 

.08 

5.40 

.0000 

.0034 

.28 

.0050 

.0000 

.11 

1.6 

.0090 

29470 

Nov.  22 

V.  slight. 

V.  slight. 

.22 

4.00 

.0016 

.0108 

.33 

.0070 

.0000 

.28 

1.3 

.0220 

Av 

erages 

by  I 

'ears. 

1892 

.05 

4.16 

.0001 

.0043 

.27 

.0108 

.0000 

2.1 

.0430 

1894 

. 

_ 

.10 

4.60 

.0001 

.0035 

.32 

.0155 

.0001 

.08 

2.4 

.0218 

1895 

_ 

_ 

.25 

4.28 

.0006 

.0097 

.31 

.0117 

.0000 

.29 

1.6 

.0095 

1896 

_ 

_ 

.28 

3.68 

.0003 

.0114 

.28 

.0052 

.0000 

.30 

1.0 

.0087 

_ 

1897 

_ 

_ 

.25 

3.92 

.0008 

.0093 

.33 

.0103 

.0000 

.22 

1.5 

.0015 

_ 

1898 

_ 

_ 

.38 

3.82 

.0011 

.0123 

.28 

.0045 

.0000 

.34 

1.2 

.0243 

- 

1899 

- 

~ 

.21 

3.88 

.0008 

.0077 

.26 

.0043 

.0000 

.22 

1.1 

.0168 

Note  to  analyses  of  1899:  Odor,  none.    A  faintly  vegetable  odor  was  developed  in  two  of  the  sam- 
ples on  heating. No.  26558  was  collected  from  a  faucet  at  the  pumping  station;  the  others,  from  the 

well. 
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HOIiYOKB, 

Water  Supply  of  Holyoke. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Holyoke, 
with  reference  to  a  high-service  system  of  water  supply  for  that 
city,  may  be  found  on  pages  18  to  20  of  this  volume.  Analyses  of 
samples  of  water  collected  from  the  sources  under  consideration 
are  given  in  the  tables  which  follow. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  Holyoke,  with  reference  to  the  proposed  location  of  ice 
houses  near  Ashley  Pond,  one  of  the  sources  of  water  supply  of  the 
city,  and  the  cutting  of  ice  from  that  source  for  domestic  use,  may 
be  found  on  pages  106  and  107  of  this  volume. 


Chemical  Examination  of  Water  from,  Whiting  Street  Storage  Reservoir,  Holyoke. 

[Parts  per  100,000.] 


d 

o 
o 

Appeabanck. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
o 
S 
u 

.14 

NITKOGEN 
AS 

■d 

a 

3 

c 
o 

fl 

bo 

o 

>1 
•3 

1 

s 

1 

a 

o 
o 

o 

c 

§1 

i 

ALBUMINOID. 

i 

g 

a 

a 

"3 

> 
o 

s 

■a 
1  c 
on  « 

a  p< 

si 

a. 

26023 

1899. 

Jan.  24 

Slight. 

Slight. 

.11 

4.45 

1.10 

.0044 

.0222 

.0164 

.0058 

.0080 

.0001 

.23 

2.3 

26295 

Feb.  21 

Slight. 

Slight. 

.10 

5.00 

1.75 

.0188 

.0266 

.0192 

.0074 

.11 

.0050 

.0001 

.25 

2.5 

26549 

Mar.  21 

v.  slight. 

V.  slight 

.05 

3.50 

1.00 

.0034 

.0116 

.0084 

.0032 

.09 

.0050 

.0001 

.16 

1.8 

26918 

Apr.  25 

Slight. 

Slight. 

.06 

3.65 

0.85 

.0010 

.0114 

.0086 

.0028 

.09 

.0030 

.0001 

.18 

2.0 

27204 

May  23 

Slight. 

v.  Blight. 

.10 

3.85 

0.90 

.0006 

.0170 

.0148 

.0022 

.08 

.0000 

.0000 

.20 

2.0 

27595 

June  27 

Slight. 

Slight. 

.18 

4.25 

1.00 

.0006 

.0240 

.0170 

.0070 

.07 

.0020 

.0000 

.27 

2.1 

27888 

July  25 

Slight. 

Cons. 

.20 

4.75 

1.45 

.0095 

.0650 

.0260 

.0390 

.08 

.0030 

.0000 

.38 

2.5 

28327 

Aug.  22 

V.  slight. 

Cons. 

.20 

5.85 

2.10 

.0000 

.0646 

.0300 

.0346 

.07 

.0010 

.0000 

.42 

2.3 

28756 

Sept.  26 

Decided. 

Cons. 

.40 

6.90 

2.75 

.0312 

.0588 

.0378 

.0210 

.10 

.0070 

.0004 

.60 

3.3 

29128 

Oct.  24 

Decided. 

Cons. 

.22 

5.76 

1.95 

.0164 

.0640 

.0372 

.0268 

.10 

.0080 

.0006 

.45 

3.0 

29451 

Nov.  21 

Slight. 

Blight. 

.22 

4.70 

1.65 

.0024 
.0080 

.0328 

.0276 
.0221 

.0052 

.09 
.09 

.0060 
.0039 

.0002 

.29 
.31 

2.1 

Av... 

.17 

4.79 

1.50 

.0362 

.0141 

,0001 

2  4 

Odor,  generally  vegetable,  sometimes  none.    On  heating,  the  odor  was  generally  stronger  and  some- 
times fishy  or  unpleasant. 
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HOIiYOKE. 

Microscopical  Examination  of  Waterfront  Whiting  Street  Storage  Reservoir, 

Holyoke. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


July 


Aug. 


Sept. 


Day  of  examination, 
Number  of  sample, 


25 
26023 


23 
26295 


22 
26549 


26 
26918 


24 
27204 


28 
27595 


26 

27888 


23 
28327 


27 
28756 


25 

;9128 


22 
29451 


PLANTS. 
Diatomacese, 


Asterionella, 

Fragilaria, 

Synedra, 


CyanophycesB, 


Anabasna, 

Aphanizomenon, 

Coelosphserium, 


Algse, 


Protococcus, 
Raphidium,    . 
Scenedesmus, 
Staurastrum, 


1,078 


96 


6,140 

6,000 

132 

0 


32 


228 


40 

0 

4 

184 


622 


48 


520 


136 

4 

380 


244 


12 
0 

208 


1,040 

200 
648 
184 

109 


146 


200 

4 

6 

188 


0 

40     70 
56       4 


192 

188 
3 
0 
0 


ANIMALS. 


Rhizopoda, 


Infusoria, 


CodoDella, 
Cryptomonafi, 
Dinobryon,     . 
Monas,    . 
Peridinium,   . 
Trachelomonas, 


Vermes, 


Anurea,  . 

Polyarthra, 

Synchasta, 


Crustacea, 


Bosmina, 
Cyclops, 
Daphnia, 


0 

0 

1,057 

613 

1 

2 

1 

8 

1,048 

592 

0 

0 

6 

2 

1 

2 

2 

24 

1 

0 

1 

12 

0 

12 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 


0 

1,604 

4 

16 

1,564 

0 


pr. 
pr. 


1 

0 
0 
0 
0 
164 


pr. 


Miscellaneous,  ZobglcEa, 


Total, 


5         5 


1,094 


1,729 


40 


40 


8,046 


736 


50 


25 


5 

277 
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HO  JL  YOKE. 

Chemical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Holyoke. 

[Parts  pet  100,000.] 


Residue  on 

1 

a 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

"S 

tion. 

a 

B 

albdminoid. 

o 

>. 

-d 

"O 

6 

6 

g 

.o 

a 

o 
a 

3 

a 

o 

3 

i 

5 

> 

•a 
1   s 

o 

*n 

bo 

1 
3 

^ 

Q 

H 

M 

O 

H 

1-J 

i^ 

Eh 

Q 

OD 

O 

'A 

;zi 

o 

M 

1899. 

26291 

Feb.  21 

V.  slight. 

Slight. 

.15 

4.10 

1.60 

.0060 

.0210 

.0162 

.0048 

.11 

.0040 

.0001 

.36 

2.0 

26570 

Mar.  25 

V.  slight. 

V.  slight. 

.10 

4.75 

1.05 

.0012 

.0126 

.0096 

.0030 

.11 

.0020 

.0001 

.20 

2.7 

26571 

Mar.  25 

V.  slight. 

Cons. 

.10 

5.00 

1.25 

.0008 

.0120 

.0096 

.0024 

.09 

.0090 

.0001 

.18 

2.8 

27200 

May  23 

Slight. 

Slight. 

.11 

4.10 

1.00 

.0000 

.0126 

.0120 

.0006 

.07 

.0010 

.0001 

'.22 

2.2 

28326 

Aug.  22 

V.  slight. 

V.  Blight. 

.10 

4.15 

1.40 

.0000 

.0184 

.0152 

.0032 

.08 

.0010 

.0001 

..S3 

2.0 

29449 

Nov.  21 

V.  slight. 

V.  slight. 

.10 

4.30 

1.10 

.0060 
.0026 

.0190 

.0184 

.0006 

.09 
.09 

.0010 

.0001 
.0001 

.27 
.27 

2.2 

Av*.. 

.11 

4.30 

1.25 

.0167 

.0143 

.0024 

.0025 

2.2 

Odor  of  the  first  three  samples,  distinctly  unpleasant;  of  the  others,  faintly  unpleasant. No.  26571 

was  collected  from  a  faucet  in  City  Hall;  the  others,  from  the  ponds. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds,  Holyoke. 

[Numbei-  of  organisms  per  cubic  centimeter.] 


1S99. 


February.      March.        March 


May. 


August.    November. 


Day  of  examination, 
Number  of  sample,    . 

PLANTS. 

Diatomaceae, 

Asterionella, 
Melosira,      .        . 

CyanoptiycesB,  . 

Anabffina,    . 

Algse,      .       .       .       . 

Protococcus, 

ANIMALS, 

Infusoria,     . 

Dinobryon, . 
Euglena, 
Synura, 
Uroglena,     . 

Vermes, 
Crustacea,  Cyclops,    . 


23 
26291 


27 
26570 


27 
26571 


24 
27200 


23 
28326 


22 
29449 


44 


372 

234 


48 

16 
0 

54 

46 

506 

500 


147 

29 
114 

0 
0 

5 

5 


385 

283 

10 

80 

0 

0 

0 


128 

26 
2 

68 
26 

0 

pr. 


302 

222 


Miacellaneoiis,  Zoogloea, 


Total, 


177 


162 
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HOIiXOKE. 

Chemical  Examination  of  Water  from  Fomar  Reservoir  on  the  Manhan  River, 

Southampton. 

[Parts  per  100,000.] 


c 
o 

o 
O 

o 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 
S 
o 

.10 

.08 
.09 
.13 
.10 

Nitrogen 

AS 

a 

3 

a 

o 

o 

s 

« 

o 

2 
'3 

3 
El 

c 
1 

02 

c 

o 

8 

i 

o 

o 

t 

Eh 

albuminoid. 

1 

5 

1 

B 

o 

o 

5 

■a 

1    B 
3  O, 

OQ 

1 

26293 
27201 
28325 
29450 

1899. 

Feb.  21 

May  23 
Aug.  22 
Nov.  21 

V.  slight. 
V.  slight. 
V.  Blight. 
V.  slight. 

V.  Blight. 
Slight. 
Slight. 
V.  slight. 

.11 

.20 
.09 
.43 

3.15 
3.15 
3.90 
4.40 

1.25 
1.00 
1.20 
1.60 

.0004 
.0000 
.0004 
.0004 

.0064 
.0082 
.0128 
.0132 

.0054 
.0074 
.0082 
.0114 

.0010 
.0008 
.0046 
.0018 

.0010 
.0010 
.0020 
.0010 

.0001 
.0000 
.0001 
.0001 

.24 
.32 
.24 
.49 
.32 

1.1 
1.3 
1.3 
1.6 

Av... 

.21 

3.65 

1.26 

.0003 

.0101 

.0081 

.0020 

.0012 

.0001 

1.3 

Odor,  vegetable. 


Chemical  Examination  of  Water  from  Tatro  Brook,  Eolyoke. 

[Parts  per  100,000.] 


e 
o 

! 

o 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

o 
Q 

.09 
.09 

.08 
.09 
.07 
.07 
.08 

Nitrogen 

AS 

•d 

i 

s 

B 
o 

B 

1 

o 

3 

a 
1 

o 

6 

"3 
"o 
Eh 

B 

i 

Eh 

ALBUMINOID. 

i 

2 

.Q 

a 

3 

•A 

•d 

!> 
O 

5 

■6 
■a 

1   B 

s  o< 
m 

s 

25947 
26071 

26294 
26548 
26917 
27203 

1899. 

Jan.  14 

Jan.  27 
Feb.  21 
Mar.  21 
Apr.  25 
May  23 

V.  Blight. 

V.  Blight. 
V.  Blight. 
V.  Blight. 
V.  slight. 
Slight. 

V.  slight. 
V.  slight. 
V.  slight. 
V.  slight. 
Blight. 
Slight. 

.29 
.22 
.20 
.21 
.40 
.30 

4.75 
4.40 
5.10 
3.65 
4.50 
5.75 

2.00 
1.75 
1.30 
1.40 
1.75 
1.50 

.0006 
.0002 
.0004 
.0006 
.0002 
.0006 
.0004 

.0072 
.0074 
.0092 
.0094 
.0110 
.0118 
.0097 

.0070 
.0072 
.0074 
.0086 
.0102 
.0112 

.0002 
.0002 
.0018 
.0008 
.0008 
.0006 
.0008 

.0020 
.0060 
.0080 
.0010 
.0020 
.0000 
.0030 

.0000 
.0000 
.0001 
.0000 
.0000 
.0001 
.0000 

.39 
.42 
.35 
.34 
.57 
.39 
.41 

2.2 
2.0 
2.2 
1.6 
1.7 
2.9 

Av.*. 

.27 

4.71 

1.56 

.0089 

?  1 

Odor,  faintly  vegetable  or  none. The  samples  v^ere  collected  from  the  brook,  at  the  site  of  a  pro- 
posed reservoir  for  the  supply  of  the  high-service  district. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
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HOLiYOKE. 

Chemical  Examinatio7t  of  Water  from  Dibble  Brook,  Holyoke. 

[Parts  per  100,000.] 


1 

o 

o 

Appeakancb. 

Kesidce  on 
Evapora- 
tion. 

Ammonia. 

Q 
S 

Nitrogen 

AS 

a 

3 

c 
o 

a 

iao 

5 

S 

3 
H 

a 

o 

1 

o 
1 

ALBUMINOID. 

5 

^ 

a 

s 

3 

o 

•a 
> 
o 

5 

3  p. 

a 
•a 

1S99. 

25946 

Jan.   14 

V.  slight. 

V.  slight. 

0.72 

5.60 

2.25 

.0004 

.0220 

.0216 

.0004 

.09 

.0130 

.0000 

1.03   2.0 

26070 

Jan.  27 

V.  slight. 

V.  slight. 

1.00 

5.90 

8.00 

.0004 

.0280 

.0266 

.0014 

.07 

.0150 

.0000 

1.38   1.7 

26292 

Feb.  21 

V.  slight. 

Slight. 

earthy. 
Slight. 

0.70 

5.55 

2.45 

.0000 

.0198 

.0188 

.0010 

.07 

.0120 

.0000 

0.90 

2.2 

26547 

Mar.  21 

V.  slight. 

0.68 

4.65 

1.90 

.0006 

.0198 

.0194 

.0004 

.06 

.0100 

.0001 

0.78 

1.4 

26916 

Apr.  25 

V.  slight. 

V.  slight. 

0.73 

4.50 

1.95 

.0006 

.0192 

.0184 

.0008 

.07 

.0060 

.0001 

0.90 

1.8 

27202 

May  23 

Slight. 

Slight. 

0.95 

5.80 

2.75 

.0016 

.0270 

.0244 

.0026 

.07 
.07 

.0060 
.0096 

.0001 
.0001 

1.09 
0.97 

2.2 

Av.* 

0.78 

5.24 

2.33 

.0006 

.0221 

.0210 

.0011 

1  °i 

Odor,  generally  faintly  vegetable,  sometimes  none. The  samples  were  collected  from  the  brook, 

at  the  point  where  water  can  be  diverted  into  the  proposed  high-service  reservoir  on  Tatro  Brook. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 

The  advice  of  the  State  Board  of  Health  to  the  American  Thread 
Company,  relative  to  the  quality  of  the  water  drawn  from  the  wells 
on  the  premises  of  the  company  in  Holyoke,  may  be  found  on  pages 
20  and  21  of  this  volume.  An  analysis  of  a  sample  of  water  from 
the  wells  is  given  in  the  following  table  :  — 

Chemical  Examination  of  Water  from  the  Wells  of  the  American  Thread  Company, 

Holyoke. 

[Parts  per  100,000.] 


c 

Appeakance. 

c 

Ammonia. 

Nitrogen 

■d 

a 

o 

ij. 

§a 

H 

a 

^ 

1 

3 

•a 

a 

-3 

u 

o 

3  > 
-ay 

S 

s 

o 

2 

S 

b 

X 

■s 

03 

1 

!zi 

Q 

H 

03 

o 

« 

!4 

< 

Q 

a 

^ 

o 

B 

1899. 

27502 

June  20 

Decided, 
milky. 

V.  slight. 

.70 

9.70 

.0208 

.0034 

.48 

.0080 

.0002 

.10 

6.0 

.0900 

Odor,  none. The  sample  was  collected  from  two  tubular  wells  near  Mill  No.  1  of  the  American 

Thread  Company. 


Water  Supply  of  Hopedale. 
(See  Milford.) 
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HTTDSON. 


Water  Supply  of  Hudson. 
Chemical  Examination  of  Water  from  Gates  Pond,  Berlin. 

[Parts  per  100,000.] 


c 
o 

"c 
o 

a 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
2 

o 

Nitrogen 

AS 

■a 

s 

3 

c 
o 
u 

1 

o 

is 

s 

Eh 

1 
■3 

o 
o 
U 

o 

o 

coh-l 

£ 

albuminoid. 

Ui 

s 

a 

3 

o 

■g 
> 
o 

5 

"3 

1  c 
3  P. 

B 
1 

1S99. 

25960 

Jan.  17 

None. 

V.  slight. 

.01 

0.75 

0.25 

.0024 

.0038 

.0038 

.0000 

.05 

.0010 

.0000 

.08 

0.0 

26490 

Mar.  15 

V.  Blight. 

Blight. 

.08 

2.50 

1.00 

.0054 

.T)150 

.0124 

.0026 

.23 

.0010 

.0000 

.19 

0.5 

27131 

May  17 

V.  slight. 

Slight. 

.07 

2.15 

1.05 

.0010 

.0198 

.0170 

.0028 

.21 

.0000 

.0001 

.19 

0.3 

27800 

July  18 

V.  slight. 

V.  slight. 

.03 

2.20 

1.05 

.0018 

.0154 

.0150 

.0004 

.21 

.0010 

.0000 

.23 

0.6 

28225 

Aug.  15 

V.  Blight. 

V.  slight. 

.05 

2.50 

1.00 

.0000 

.0158 

.0142 

.0016 

.18 

.0020 

.0000 

.20 

0.6 

28654 

Sept.  18 

V.  Blight. 

Slight. 

.04 

5.60 

2.75 

.0002 

.0186 

.0182 

.0004 

.24 

.0000 

.0000 

.24 

1.4 

28655 

Sept.  18 

V.  slight. 

Slight. 

.04 

5.05 

2.45 

.0004 

.0170 

.0156 

.0014 

.21 

.0000 

.0000 

.14 

0.5 

29400 

Nov.  15 

v.  slight. 

Slight. 

.07 

2.45 

0.85 

.0040 

.0170 

.0154 

.0016 

.22 

.0010 

.0000 

.22 

0.5 

Averages  by  Years. 


1888 
1889 
1890 
1891 
1893 
1894 
1895 
1896 
1897 
1898 
1899* 


- 

.06 

2.55 

0.69 

.0015 

.0158 

- 

- 

.19 

.0055 

.0001 

- 

- 

.03 

2.14 

0.58 

.0020 

.0189 

.0139 

.0050 

.19 

.0048 

.0001 

- 

- 

.02 

2.82 

1.04 

.0023 

.0161 

.0124 

.0037 

.21 

.0054 

.0000 

- 

- 

.04 

2.52 

0.90 

.0011 

.0150 

.0117 

.0033 

.20 

.0074 

.0000 

- 

- 

.05 

2.45 

1.01 

.0040 

.0178 

.0146 

.0032 

.23 

.0039 

.0000 

.20 

- 

.04 

2.27 

0.83 

.0016 

.0148 

.0124 

.0024 

.22 

.0008 

.0000 

.15 

- 

.05 

2.45 

0.92 

.0015 

.0175 

.0144 

.0031 

.23 

.0027 

.0000 

.20 

- 

.06 

2.43 

0.84 

.0037 

.0150 

.0123 

.0027 

.26 

.0050 

.0000 

.17 

- 

.05 

2.20 

0.92 

.0047 

.0159 

.0139 

.0020 

.23 

.0028 

.0000 

.15 

- 

.07 

2.37 

0.99 

.0019 

.0155 

.0133 

.0022 

.24 

.0026 

.0000 

.18 

- 

.05 

2.55 

1.11 

.0021 

.0149 

.0135 

.0014 

.19 

.0009 

.0000 

.19 

1.2 
0.9 
0.6 
0.6 
0.9 
0.9 
0.6 
0.7 
0.5 


Note  to  analyses  of  1899  :  Odor,  faintly  vegetable  or  none. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 
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Microscopical  Examination  of  Water  from  Gates  Pond,  Berlin. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Mar. 

May. 

July. 

Aug. 

Sept. 

Sept. 

Nov. 

Day  of  examination, 

Number  of  sample 

18 
25960 

16 
26490 

18 
27131 

18 
27800 

16 

28225 

19 

28654 

19 
28655 

15 
29400 

PLANTS. 

Diatomacese,     .... 

Asterionella 

Melosira 

Tabellaria 

Cyanophycese 

Anabsena, 

Merismopcedia 

AlgS3, 

Protococcus,       .... 

0 

0 
0 
0 

0 
0 

0 

0 
0 

134 

109 

0 

20 

0 
0 
0 

0 
0 

86 

49 

7 

25 

0 

0 
0 

2 
0 

42 

16 

0 

24 

0 
0 

0 

8 

6 

180 

154 

0 

12 

52 
20 

28 

38 

0 

39 

0 
19 
19 

3 
0 
0 

7 
0 

36 

0 
0 
30 

1 

0 
0 

13 

0 

486 

128 
170 

182 

2 

0 
0 

107 

94 

ANIMALS. 
Rhizopoda,  Actinophrys,  . 

Infusoria,     ..... 
Dinobryon,         .... 

Vermes, 

Crustacea,  Daphnia,  . 

0 

0 
0 

0 

0 

0 

34 

26 

1 
0 

0 
2 

1 

0 

0 

20 

20 

0 
0 

0 

86 

82 

3 
pr. 

0 

63 
61 

0 
0 

1 

12 

7 

0 
0 

0 

38 

34 

2 

0 

Miscellaneous,  Zobgloea,  . 

0 

5 

7 

3 

8 

3 

0 

8 

Total, 

0 

174 

98 

73 

367 

115 

63 

643 

Chemical  Examination  of  Water  from  Fosgate  Brook,  in  Berlin. 

[Parts  per  100,000.] 


c 
o 

o 
o 

<^ 
o 

Q 

Appearance. 

RBSinnE  ON 
Evapora- 
tion. 

Ammonia. 

0 

2 
0 

Nitrogen 

AS 

■d 

1 

s 
0 

'Q 

0 

5 

.a 

o 

o 

c 
o 

o 

►4 

£ 

ALBUMINOID. 

3 
g 

3 

'A 

■3 

> 

0 

5 

1  c 
=  a 

c 
■a 

1899. 

25959 

Jan.   17  ' 

Decided. 

Cons  , 

.32 

2.65 

1.10 

.0010 

.0134 

.0086 

.0048 

.14 

.0070 

.0000 

0.41 

0.6 

26233 

Feb.  16 

Slight. 

earthy. 
Slight. 

.10 

2.85 

0.90 

.0022 

.0048 

.0036 

.0012 

.20 

.0190 

.0000 

0.12 

0.8 

26489 

Mar.  15 

V.  slight. 

V.  slight. 

.08 

2.60 

0.85 

.0006.0052 

.0040' 0012 

.18 

.0080 

.0000 

U.14 

0.3 

26755 

Apr.  13 

V.  slight. 

V.  slight. 

.09 

3.25 

1.15 

.00041.0038 

.0030  .0008 

.27 

.0100 

.0001 

0.14 

0.5 

27130 

May   17 

Decided. 

Slight. 

.29 

2.75 

0.80 

.00001.0144 

.0122  .0022 

.15 

.0000 

.0000, 

0.32 

0.5 

27488 

June  20 

Slight. 

Slight. 

.47 

4.75 

1.25 

.01481.0160 

.01401.0020 

.17 

.0010 

.0001 

0.31 

1.4 

29399 

Nov.  15 

Slight. 

Slight. 

.93 

6.50 

2.85 

.0036.0312 

.03001.0012 

.17 

.0020 

.0004 

1.38 

2.0 

29690 

Dec.  19 

V.  slight. 

V.  slight. 

.23 

3.90 

1.15 

.0012 

.0112 

.0092 
.0106 

.0020 
.0019 

.20 
.18 

.0010 

.0000 

0.39 
0.40 

0.8 

Av... 

.31 

3.66 

1.26 

.0030 

.0125 

.0060 

.0001 

o.q 

Odor  of  the  first  sample,  none;  of  the  second,  very  faintly  musty ;  of  the  others,  generally  faintly 
vegetable,  becoming  stronger  on  heating. Water  from  Fosgate  Brook  is  diverted  into  Gates  Pond. 
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HUIili. 

Water  Supply  of  Hull. 

(See  Eingham.) 

Water  Supply  of  Huntington  Fire  District,  Huntington. 

Population  of  the  town  in  1895,  1,450.  The  works  are  owned 
by  the  fire  district,  and  were  completed  in  the  spring  of  1899.  The 
source  of  supply  is  Cold  Brook,  in  Huntington,  on  which  a  small 
reservoir  has  been  constructed.  Water  is  diverted  into  Cold  Brook 
from  the  upper  portion  of  Gold-mine  Brook,  the  water-shed  of  which 
is  contiguous  to  that  of  Cold  Brook.  The  water-sheds  tributary  to 
the  reservoir  have  a  combined  area  of  about  2  square  miles,  and 
contain  a  very  small  population.  Water  is  supplied  to  the  town  by 
gravity. 

Chemical  Examination  of  Water  from  Cold  Brook  Reservoir,  in  Huntington. 

[Parts  per  100,000.] 


1 
"3 

•s 

» 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

1 

S 
o 

.10 

.08 
.08 
.09 
.19 
.14 
.12 

Nitrogen 

AS 

■a 

a 

a 

3 

o 

o 

c 

§) 
>, 

M 

o 

S 

3 
s 

1 

o 

"3 

c 
o 

ALBUMINOID. 

1 

!? 

S 

c 

s 

3 

"3 

•o 
> 

o 

5 

•a 

OS 

1 

26333 
26952 
28227 
28385 
29153 
29784 

1899. 

Feb.  24 

Apr.  24 
Aug.  16 
Aug.  28 
Oct.   26 
Dec.  25 

V.  Blight. 

V.  slight. 
Decided. 
Decided. 
Slight, 
v.  slight. 

V.  Blight. 
V.  slight. 
V.  slight. 
V.  slight. 
V.  slight. 
V.  slight. 

.05 

.08 

.18 

.25 

.24 

i 
.20 

2.75 
2.25 
4.35 
4.00 
4.00 
2.95 

0.75 
0.75 
1.35 
1.55 
1.20 
1.15 

.0000 
.0052 
.0012 
.0020 
.0006 
.0006 
.0016 

.0042 
.0072 
.0050 
.0238 
.0100 
.0084 
.0088 

.0042 
.0046 
.0050 
.0168 
.0090 
.0080 

.0000 
.0026 
.0000 
.0070 
.0010 
.0004 

.0020 
.0010 
.0020 
.0030 
.0020 
.0030 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.20 
.17 
.30 
.37 
.32 
.43 
.29 

0.8 
0.8 
1.1 
1.0 
1.3 
1.0 

Av.*. 

16 

3.22 

1.06 

.0073 

.0015 

.0021 

1.0 

Odor  of  Nob.  26333  and  28385,  vegetable;  of  the  others,  none. No.  28227  was  collected  from  a 

faucet  in  the  town,  and  the  others  from  the  reservoir. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  In  making  the  average. 


Water  Supply  of  Hyde  Park  and  Milton.  —  Hyde  Park 
Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health 
of  Hyde  Park,  with  reference  to  the  quality  of  the  water  supplied 
to  the  town  by  the  Hyde  Park  Water  Company,  may  be  found  on 
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HYDE  PARK  AND  MILTON. 

pages  21  and  22  of  this  volume.  Analyses  of  samples  of  water  col- 
lected from  the  various  wells  from  which  the  supply  is  drawn  and 
from  faucets  in  different  parts  of  the  town  are  given  in  the  following 
tables  :  — 


Chemical  Examination  of  Water  from  the  Wells  of  the  Hyde  Park  Water  Company. 

[Parts  per  100,000.] 


c 
o 

Appearance. 

c 
_o 

s  > 

Ammonia. 

NITBOGEN 

AS 

■d 

a 

i 

'A 

a 

3 

1 
•3 

c 

o 
o 

i 

o 

a 

< 

c 

1 
1 

z 

to 
>^ 

O 

o 

1899. 

25966 

Jan.   17 

V.  slight. 

V.  slight. 

.04 

9.50 

.0092 

.0026 

1.01 

.1275 

.0003 

.08 

4.0 

.0100 

26236 

Feb.  16 

v.  slight. 

V.  slight. 

.03 

9.50 

.0082 

.0026 

0.96 

.1200 

.0004 

.10 

4.0 

.0050 

26476 

Mar.  14 

V.  slight. 

V.  slight. 

.02 

8.50 

.0074 

.0024 

0.85 

.0930 

.0002 

.08 

3.6 

•0080 

26694 

Apr.  10 

V.  slight. 

V.  slight. 

.04 

7.20 

.0056 

.0026 

0.73 

.0780 

.0002 

.10 

3.3 

.0050 

27109 

May  16 

v.  slight. 

V,  slight. 

.01 

9.30 

.0094 

.0032 

0.92 

.1240 

.0003 

.09 

3.6 

.0060 

27505 

June  20 

None. 

V.  slight. 

.03 

10.50 

.0110 

.0028 

1.14 

.1160 

.0002 

.08 

4.6 

.0040 

27808 

July  18 

V.  slight. 

V.  slight. 

.02 

9.70 

.0116 

.0042 

1.23 

.0980 

.0003 

.09 

4.3 

,0020 

28197 

Aug.  14 

V.  slight. 

V.  slight. 

.04 

10.70 

.0144 

.0048 

1.50 

.0780 

.0001 

.10 

3.9 

.0100 

28672 

Sept.  19 

V.  slight. 

V.  slight. 

.04 

11.50 

.0168 

.0054 

1.66 

.0930 

.0001 

.12 

4.6 

.0040 

29024 

Oct.   16 

V.  slight. 

V.  slight. 

.07 

13.70 

.0188 

.0066 

1.63 

.0850 

.0002 

.13 

5.3 

.0170 

29377 

Nov.  14 

V.  slight. 

V.  slight. 

.12 

12.80 

.0190 

.0068 

1.63 

.1240 

.0001 

.13 

4.9 

.0230 

29695 

Dec.  19 

v.  slight. 

V.  slight. 

.06 

12.20 

.0154 

.0050 

1.67 

.1400 

.0005 

.10 

4.3 

.0270 

29809 

Dec.  28 

v.  slight. 

V.  slight. 

.10 

11.30 

.0152 

.0048 

1.60 

.0900 

.0008 

.09 

4.6 

.0430 

Averages  by  Years. 


1888 
1893 
1894 
1895 
1896 
1897 
1898 


6.06 
8.62 
9.68 
9.44 
9.68 
9.94 
10.28 
10.39 


.0001 
.0031 
.0040 
.0063 
.0084 
.0093 
.0120 
,0122 


.0023 
.0032 
.0039 
.0035 
.0046 
.0037 
.0046 
.0041 


0.75 
1.19 
1.37 
1.31 
1.21 
1.30 
1.17 
1.24 


.0641 
.0879 
,0843 
,0867 
,0882 
,1170 
,1271 
,1043 


.0002 
.0002 
,0001 
,0001 
,0003 
,0002 
,0003 
,0002 


.11 

.08 
.12 
.10 


3.7 
3.9 
4.0 
4.1 
4.2 
4.4 
4.2 


.0112 
.0175 
.0149 
.0141 
.0089 
.0113 
.0107 


Note  to  analyses  of  1899  :  Odor  in  October,  very  faintly  unpleasant;  at  other  times,  none,  becoming 

faintly  unpleasant  on  heating  in  June  and  August. The  samples  were  collected  from  a  faucet  at  the 

pumping  station.    For  analyses  of  water  from  the  Neponset  River  opposite  the  wells  of  the  Hyde  Park 
Water  Company,  see  subsequent  chapter  on  "  Examination  of  Rivers." 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
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HYDE  PARK  AND  MILTOlSr. 

Chemical  Examination  of  Water  from  Faucets  in  Hyde  Park,  supjJlied  from  the 
Wells  of  the  Hyde  Park  Water  Company. 

[Parts  per  100,000.] 


Appearance. 

S 

Ammonia. 

I 

Nitrogen 

AS 

1 

^ 

■d 

a 

3 

2 
S 

3 

a 

■5 

i 

sy 

1 

i'^ 

1 
3 

% 

gu 

^ 

1 

i 

iz; 

a 

H 

rjl 

o 

a 

fc^ 

< 

o 

»     '     !a 

o 

B 

1899. 

28257 

Aug.  17 

Slight. 

Blight. 

.02 

11.30 

.0134 

.0070 

1.70 

.0920 

.0000 

.12 

3.9 

.0200 

28553 

Sept.  11 

V.  slight. 

None. 

.12 

12.00 

.01.50 

.0076 

1.90 

.0760 

.0004 

.13 

4.4 

.0280 

28554 

Sept.  11 

V.  Blight. 

V.  Blight. 

.07 

11.60 

.0140 

.0080 

1.91 

.0730 

.0002 

.13 

4.4 

.0180 

28555 

Sept.  11 

V.  Blight. 

V.  Blight. 

.04 

11.90 

.0148 

.0066 

1.91 

.0650 

.0003 

.13 

4.4 

.0070 

28556 

Sept.  11 

None 

None. 

.06 

13.00 

.0176 

.0076 

1.91 

.0700 

.0003 

.11 

4.4 

.0040 

28557 

Sept.  11 

Decided. 

Cons. 

.08* 

12.70 

.0182 

.0068 

1.92 

.0580 

.0007 

.16 

4.4 

.2400 

28558 

Sept.  11 

V.  Blight 

None. 

.06 

12.90 

.0172 

.0084 

1.87 

.0770 

.0000 

.11 

5.3 

.0030 

29427 

Nov.  17 

Slight. 

Cons. 

.06 

12.50 

.0108 

.0092 

1.70 

.0850 

.0009 

.16 

4.6 

.0600 

29428 

Nov.  17 

Blight. 

Cons. 

.07 

12.60 

.0102 

.0122 

1.70 

.0850 

.0008 

.18 

4.6 

.0920 

Odor  of  the  first  sample,  none;  of  the  others,  faintly  unpleasant, 
from  faucets  in  various  parts  of  the  town. 

*  Filtered. 


-The  samples  were  collected 


Chemical  Examination  of  Water  from  the  Wells  of  the  Hyde  Park  Water  Company. 

[Parts  per  100,000.] 


Appearance. 

c 

£ 
So. 

Ammonia. 

Nitrogen 

AS 

•d 

a 

e; 

2 

a 

03 

■a 

a 

■5 

_o 

2  W 

o 

is 

a 
o 

« 

c 
■a 

OS 

2 

'^ 

O 

E^ 

03 

O 

a 

h 

< 

O 

z; 

Zl 

o 

B 

1899. 

28744 

Sept.  26 

V.  slight. 

V.  slight. 

0.05 

12.00 

.0206 

.0080 

1.69 

.1200 

.0003 

.14 

4.7 

.0160 

28751 

Sept.  26 

V.  slight. 

V.  slight. 

0.10 

11.50 

.0222 

.0070 

2.03 

.1030 

.0002 

.12 

4.6 

.0300 

28750 

Sept.  26 

Decided. 

Heavy. 

0.05 

10.50 

.0048 

.0056 

2.07 

.0110 

.0003 

.19 

4.6 

.0040 

28749 

Sept.  26 

Decided. 

Cons. 

1.20 

13.60 

.0847 

.0135 

2.31 

.0120 

.0004 

.39 

5.3 

.3700 

28745 

Sept.  26 

Decided. 

Heavy. 

0.01 

10.50 

.0006 

.0036 

1.29 

.0800 

.0004 

.11 

4.6 

.0030 

28747 

Sept.  26 

Decided. 

Heavy. 

0.00 

14.70 

.0032 

.0028 

1.27 

.3400 

.0005 

.09 

6.7 

.0080 

28752 

Sept.  26 

V  slight. 

Cons. 

0.07 

7.00 

.0002 

.0030 

1.11 

.0400 

.0000 

.07 

2.0 

.0050 

28753 

Sept.  26 

Decided. 

Heavy. 

0.03 

5.50 

.0002 

.0026 

0.61 

.0290 

.0000 

.03 

1.7 

.0090 

28746 

Sept.  26 

Decided. 

Heavy. 

0.01 

11.80 

.0006 

.0036 

1.65 

.2080 

.0004 

.07 

4.6 

.0130 

28748 

Sept.  26 

Decided. 

Heavy. 

0.06 

11.40 

.0034 

.0128 

1.88 

.0080 

.0011 

.30 

4.6 

.0080 

Odor,  faintly  unpleasant,  or  none.    The  odor  of  all  of  the  samples  became  faintly  unpleasant  on 

heating. The  samples  were  collected  from  separate  wells  or  groups  of  wells,  as  follows  :  No.  28744, 

from  a  tap  at  the  pumping  station  while  pumping  from  the  wells  in  groups  Nos.  1  and  2  situated  near 
the  river,  south  and  west  of  the  pumping  station;  No.  28751,  from  a  tap  in  the  pumping  station  while 
pumping  from  the  wells  in  groups  Nos.  3,  4  and  5,  which  are  situated  north-west  and  south-east  of  the 
pumping  station;  No.  28750,  from  a  well  in  group  No.  3,  situated  about  80  feet  north-west  of  the  pump- 
ing station  and  120  feet  from  the  river;  No.  28749,  from  a  well  in  group  No.  3,  situated  about  60  feet 
from  the  river;  No.  28745,  from  a  well  in  group  No.  1,  60  feet  west  of  the  pumping  station  and  140  feet 
from  the  river;  No.  28747,  from  a  well  in  group  No.  1,  30  feet  from  the  river;  No.  28752,  from  the 
northerly  well  in  group  No.  5,  about  100  feet  from  the  pumping  station  and  250  feet  from  the  river;  No. 
28753,  from  the  southerly  well  in  group  No.  5,  about  450  feet  south  of  the  pumping  station  and  240  feet 
from  the  river;  No.  28746,  from  a  well  in  group  No.  2,  about  250  feet  south-west  of  the  pumping  station 
and  220  feet  from  the  river;  No.  28748,  from  the  southerly  well  in  group  No.  2,  600  feet  south-west  of 
the  pumping  station  and  30  feet  from  the  river. 
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Water  Supply  of  Ipswich. 


Chemical  Examination  of  Water  from  Dow's  Brook  above  the  Storage  .Reservoir 
of  the  Ipswich  Water  Works. 

[Parts  per  100,000.] 


d 
o 

o 

6 
"s 

s, 

a 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

o 
.40 

NiTBOGEN 
AS 

1 

8 

o 

o 

1 

X 

o 

3 

a 

a 

03 

o 
o 
O 

3 

o 

c 
o 

o 

S 

ALBnMINOID. 

1 

1 

g 

J3 
S 

s 

3 

o 

'6 
> 

5 

■6 

•a 

1  £ 

a 
•n 

26001 

1899. 

Jan.  23 

V.  slight. 

V.  slight. 

.17 

3.75 

1.45 

.0000 

.0060 

.0038 

.0022 

.0020 

.0000 

.20 

1.1 

26281 

Feb.  20 

Slight. 

Cons., 

.19 

3.80 

1.20 

.0010 

.0116 

.0072 

.0044 

.53 

.0050 

.0001 

.30 

1.4 

26885 

Apr.  24 

V.  slight. 

earthy. 
V.  slight. 

.34 

3.70 

1.00 

.0000 

.0080 

.0076 

.0004 

.40 

.0010 

.0000 

.45 

0.8 

27180 

May  22 

V.  slight. 

V.  slight. 

.37 

4.35 

1.35 

.0002 

.0132 

.0126 

.0006 

.42 

.0020 

.0000 

.44 

1.3 

27593 

June  27 

V.  slight. 

Slight. 

.08 

5.40 

1.60 

.0002 

.0126 

.0082 

.0044 

.50 

.0170 

.0000 

.17 

1.7 

27849 

July  20 

None. 

None. 

.00 

5.25 

0.60 

.0000 

.0008 

.0008 

.0000 

.59 

.0200 

.0000 

.01 

2.0 

28435 

Aug.  31 

V.  slight. 

Cons. 

.14 

6.75 

1.65 

.0010 

.0192 

.0094 

.0098 

.62 

.0050 

.0001 

.19 

2.2 

28730 

Sept.  23 

V.  slight. 

Slight. 

.26 

5.50 

1.50 

.0000 

.0126 

.0120 

.0006 

.52 

.0020 

.0000 

.39 

2.0 

29097 

Oct.   22 

V.  slight 

V.  slight. 

.40 

5.65 

1^95 

.0006 

.0176 

.0158 

.0018 

.53 

.0030 

.0000 

.54 

2.0 

29438 

Nov.  20 

V.  slight. 

V.  slight. 

.34 

5.40 

2.10 

.0008 

.0132 

.0128 

.0004 

.42 

.0020 

.0000 

.47 

1.7 

29779 

Dec.  26 

V.  slight. 

None. 

.78 

5.45 

2.35 

.0010 

.0178 

.0176 

.0002 

.49 

.0080 

.0000 

.91 

1.7 

Averages  by  Tears. 


1895 

- 

- 

.47 

4.74 

1.62 

.0005 

.0129 

.0111 

.0018 

.61 

.0042 

.0001 

.46 

1896 

- 

- 

.38 

4.45 

1.39 

.0009 

.0122 

.0105 

.0017 

.57 

.0045 

.0000 

.46 

1897 

- 

- 

.44 

4.66 

1.62 

.0022 

.0131 

.0112 

.0019 

.55 

.0065 

.0000 

.40 

1898 

- 

- 

.63 

4.25 

1.78 

.0007 

.0183 

.0134 

.0049 

.47 

.0029 

.0000 

.59 

1899 

- 

- 

.28 

5.00 

1.52 

.0004 

.0121 

.0098 

.0023 

.49 

.0056 

.0000 

.37 

1.7 
1.7 
1.3 
1.6 


Note  to  analyses  of  1899:  Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  all  of  the 

samples  was  vegetable,  and  of  the  last  sample,  also  unpleasant. The  samples  were  collected  from 

the  brook,  at  its  entrance  to  the  storage  reservoir. 
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IPSWICH. 

Chemical  Examination  of  Water 


from  the  Storage  Reservoir  of  the  Ipswich  Water 
Works. 

[Parts  per  100,000.] 


c 

o 
O 

o 
1 

Appeakance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
0 

NlTKOGEN 

AS 

■a 

a 

3 

0 

a 
c 
S) 

0 

■5 
2 

s 

Eh 

1 

03 

i 
6 

i 

c 
o 

o 

6 

albuminoid. 

1 

u 

a 

3 

■3 

I 

■a 
> 

5 

•a 
1  c 
3  p. 

c 
IS 

1899. 

26002 

Jan.  23 

Slight. 

V.  Blight. 

.32 

4.10 

1.70 

.0004 

.0184 

.0146 

.0038 

.40 

.0070 

.0000 

.42 

1.0 

26282 

Feb.  20 

Slight. 

V.  Blight. 

.18 

4.50 

1.25 

.0030 

.0090 

.0068 

.0022 

.48 

.0110 

.0002 

.30 

1.7 

26886 

Apr.  24 

Slight. 

Slight. 

.26 

3.50 

1.50 

.0002 

.0146 

.0128 

.0018 

.38 

.0030 

.0001 

.46 

0.6 

27181 

May  22 

V.  Blight. 

V.  slight. 

.21 

3.70 

1.26 

.0008 

.0214 

.0194 

.0020 

.43 

.0020 

.0000 

.36 

1.1 

27594 

June  27 

V.  alight. 

Slight. 

.12 

3.85 

1.35 

.0014 

.0220 

.0168 

.0052 

.42 

.0000 

.0000 

.30 

1.1 

27850 

July  20  , 

V.  slight. 

V.  Blight. 

.11 

4.20 

1.10 

.0006 

.0188 

.0170 

.0018 

.46 

.0020 

.0000 

.31 

1.7 

28436 

Aug.  31 

Slight. 

V.  slight. 

.10 

4.65 

1.75 

.0016 

.0294 

.0262 

.0032 

.51 

.0010 

.0000 

.33 

1.3 

28731 

Sept.  23 

Slight. 

V.  slight. 

.10 

4.30 

1.50 

.0020 

.0230 

.0212 

.0018 

.55 

.0040 

.0001 

.32 

1.8 

29098 

Oct.  22 

Slight 

Slight. 

.10 

4.50 

1.25 

.0006 

.0248 

.0232 

.0016 

.56 

.0050 

.0000 

.35 

2.0 

29439 

Nov.  20  ' 

Slight. 

V.  Blight. 

.22 

4.55 

1.60 

.0010 

.0220 

.0210 

.0010 

.52 

.0010 

.0000 

.37 

1.7 

29780 

Dec.  26 

Slight. 

V.  Blight. 

.18 

4.65 

1.55 

.0008 

.0214 

.0194 

.0020 

.58 

.0010 

.0001 

.40 

1.7 

Averages  by  Tears. 


1895 

- 

- 

.45 

5.25 

1.89 

.0022 

.0194 

.0169 

.0025 

.76 

.0072 

.0001 

.50 

1896 

- 

- 

.32 

4.60 

1.54 

.0017 

.0178 

.0147 

.0031 

.67 

.0058 

.0001 

.41 

1897 

- 

- 

.33 

4.64 

1.64 

.0023 

.0196 

.0169 

.0027 

.62 

.0058 

.0000 

.39 

1898 

- 

- 

.46 

4.74 

1.79 

1.0020 

.0191 

.0160 

.0031 

.55 

.0048 

.0001 

.49 

1899 

- 

- 

.17 

4.23 

1.44 

.0011 

.0204 

.0180 

.0024 

.48 

.0034 

.0000 

.36 

1.9 
1.7 
1.6 
1.5 
1.4 


Note  to  analyses  of  1899 :  Odor,  generally  vegetable,  Bometimes  none.    On  heating,  the  odor  of 
the  first  and  last  samples  was  faintly  fishy. 
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IPSWICH. 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Ipswich 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.    Feb,    Apr.   May.  June.   July.  Aug.  Sept.  Oct.    Kov.  Dee 


Day  of  examination,  . 
Number  of  sample, 

PLANTS. 
Diatoraaceee, 
Cyclotella,     . 

Oyanopliycese,  Anabsena, 

Algse 

Protoeoccus, 
Raphidium,   .        .        . 

ANIMALS. 
RMzopoda,  Actinophrys, 

Infusoria, 

Dinobryon,    . 

Monas 

Periclinium,  . 

Vermes 

Miscellaneous,  Zoogloea,    . 
Total 


24 
26002 


21 

26282 


24 
26886 


23 
27181 


28 
27594 


21 
27850 


31 
28436 


26 
28731 


20 
29439 


27 
29780 


1,062 

1,000 

40 

2 


1,513 

1,444 

0 


262 

134 
0 

128 


692 

690 

0 

0 


12       0 


8         7 


1,134 


1,548 


361       0 


425 


64       64       31 


697 


Water  Supply  of  Kingston. 
Chemical  Examination  of  Water  from  the  Wells  of  the  Kingston  Water  Works. 


[Parts  per  100,000.] 

B        1 
o 

o 

o 

Q 

Appeakancb. 

c 
"S 

Ammonia. 

c 

s 

Q 

Nitrogen 

AS 

•6 

a 

D 

a 
o 

c 

1 

S 

3 

.1 

03 

u 
o 

6 

Ui 

a 

< 

o 

g 

% 

1 

26060 

1899. 

Jan.  27 

None. 

None. 

.00 

4.60 

.0000 

.0002 

.79 

.0070 

.0000 

.02 

1.1 

.0010 

26857 

Apr.  15 

None. 

None. 

.00 

4.20 

.0000 

.0016 

.80 

.0080 

.0000 

.00 

1.1 

.0010 

27273 

May  31 

None. 

None. 

.00 

4.20 

.0000 

.0010 

.79 

.0110 

.0000 

.02 

1.8 

.0020 

28226 

Aug.  15 

None. 

None. 

.00 

5.00 

.0000 

.0020 

.76 

.0050 

.0000 

.02 

1.0 

.0020 

28769 

Sept.  27 

None. 

None. 

.01 

5.00 

.0010 

.0022 

.76 

.0090 

.0000 

.01 

0.9 

.0050 

Av... 

.00 

4.60 

.0002 

.0014 

.78 

.0080 

.0000 

.01 

1.2 

.0022 

Odor,  none. 
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liANCASTEE. 

Watee  Supply  of  Lancastee. 

(See  Clinton.) 

Watee  Supply  or  Laweexce. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Lawrence, 
with  reference  to  the  quality  of  the  water  supplied  to  that  city, 
may  be  found  on  pages  22  and  23  of  this  volume. 


Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lawrence, 
opposite  the  Intake  of  the  Lawrence  Water  Works. 

[Parts  per  100,000.] 


a 
o 

Appearance. 

Kesidce  on 

EVAPOKA- 
TION. 

Ammonia. 

Nitrogen 

AS 

■d 

a 

o 
U 

o 

■2 

s 

1 

o 

6 

"3 
1 

S 

I 

ALBUMINOID. 

o 
O 

c 
o 
O 

c 

0) 

ho 
O 

<a 

a 

s 
'A 

O 

a 

•a 
1  s 

3  O. 
CO 

1 

1899. 

25979 

Jan.  18 

Slight. 

Slight. 

.32 

3.00 

1.15 

.0022  .0152 

.0128 

.0024 

.19 

.0050 

.0001 

.46 

1.0 

26212 

Feb.  15 

Slight. 

V.  Blight. 

.26 

4.30 

1.75 

.0098  .0158  .0132 

.0026 

.22 

.0040 

.0001 

.42 

1.3 

26494 

Mar.  15 

Decided. 

Cons. 

.30 

2.65 

1.05 

.0018  .0174'. 0118!. 0056 

.14 

.0060  .0000 

.42 

0.5 

26942 

Apr.  26 

Decided. 

Cons. 

.31 

3.65 

1.20 

.0006  .0162  .0122  .0040 

.12 

.0040 

.0000 

.50 

0.3 

27135 

May   17 

Slight. 

Slight. 

.32 

3.25 

1.35 

.0020  .0196. 0154, .0042 

.13 

.0080 

.0003 

.50 

0.6 

27542 

June  22 

Slight. 

Cons. 

.23 

4.10 

1.35 

.0084.0296  .0186;. 0110 

.25 

.0050 

.0003 

.39 

1.3 

27845 

July  20 

Slight. 

Slight. 

.20 

4.00 

1.15 

.0108  .0268  .0202;. 0066: 

.28 

.0050 

.0003 

.40 

1.0 

28232 

Aug.  16 

Slight. 

Cons. 

.22 

4.50 

1.80 

.0106  .0244  .0176  .0068 

.31 

.0050  .0005 

.43 

1.4 

28693 

Sept.  20 

Slight. 

Cons. 

.19 

4.50 

1.45 

.0148.0312  .02001.0112 

.38 

.00601.0003 

.36 

1.1 

29070 

Oct.   18 

Slight. 

Slight. 

.24 

4.50 

1.75 

.0248  .0268  .0236 '.0032 

.38 

.0070  .0006 

.35 

1.7 

29401 

Nov.  15 

Slight. 

Cons. 

.38 

4.90 

1.90 

.01.36  .0272  .0240 

.0032 

.31 

.0030  .0004 

.65 

1.3 

29721 

Dec.  20 

Decided. 

Cons. 

.50 

4.55 

2.00 

.0060  .0284  .0212 

.0072 

.20 

.0090  .0002 

.78 

1.0 

Averages  by  Years. 


1888 

.30 

3.68 

1.08 

.0026 

.0180 

.18 

.0094 

.0002 

1889 

_ 

_ 

..30 

3.09 

0.87 

.0030 

.0176 

.0144 

.0032 

.17 

.0072 

.0003 

_ 

1890 

_ 

_ 

.33 

4.19 

1.48 

.0046 

.0166 

.0132 

.0034 

.17 

.0089 

.0001 

_ 

1891 

_ 

_ 

.27 

3.79 

1.32 

.0040 

.0152 

.0121 

.0031 

.18 

.0110 

.0001 

_ 

1892 

_ 

- 

.43 

4.12 

1.47 

.0042 

.0181 

.0152 

.0029 

.18 

.0105 

.0001 

- 

1893 

_ 

_ 

.42 

3.86 

1.48 

.0057 

.0181 

.0141 

.0040 

.20 

.0081 

.0002 

.53 

1894 

_ 

_ 

..37 

3.70 

1.30 

.0062 

.0167 

.0141 

.0026 

.23 

.0063 

.0001 

.44 

1895 

_ 

_ 

.51 

4.34 

1.75 

.0064 

.0249 

.0185 

.0064 

.28 

.0071 

.0002 

.59 

1896 

_ 

- 

.42 

3.98 

1.52 

.0068 

.0220 

.0183 

.0037 

.24 

.0087 

.0003 

.53 

1897 

- 

_ 

..56 

3.84 

1.54 

.0049 

.0228 

.0186 

.0042 

.20 

.0067 

.0001 

.54 

1898 

_ 

_ 

.46 

3.90 

1.63 

.0050 

.0212 

.0169 

.0043 

.22 

.0058 

.0003 

.53 

1899 

- 

- 

.29 

3.99 

1.49 

.0088 

.0232 

.0175 

.0057 

.24 

.0056 

.0003 

.47 

1.6 
1.3 
1.4 
1.1 
1.2 
1.4 
1.2 
1.1 
1.1 
1.0 


Note  to  analyses  of  1899:  Odor,  frequently  faintly  vegetable  or  musty  and  sometimes  unpleasant. 

The  samples  were  collected  from  the  river,  opposite  the  intake  of  the  Lawrence  water  works,  about 

1  foot  beneath  the  surface.   For  a  comparison  of  the  analyses  of  the  river  water  at  Lowell  and  Lawrence 
for  a  series  of  years,  see  "Merrimack  River,"  in  the  chapter  on  "Examination  of  Rivers." 
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Chemical  Examination  of  Water  from  the  Merrimack  River  after 
the  Sand  Filter  of  the  Laiorence  Water  Works. 

[Parts  per  100,000.] 


LAWRENCE. 

passing  through 


d 
o 

o 
U 

"S 

Q 

APPE.1RANCE. 

Rksiddb  on 
Evapora- 
tion. 

Ammonia. 

0 

a 

1 

Nitrogen 

AS 

a 

B 

0 
0 

1 

0 

s 

1 
•a 

0) 

cc  ■ 

c 

o 

8 

o 

1 
o 

ALBUMINOID. 

1 

S 

o 

a 

s 

■3 

"3 

(3 

■a 

hi 

CO 

00 

□ 
■a 

25980 

1899. 

Jan.  18 

Slight. 

Slight. 

.32 

3.50 

1.35 

.0072 

.0110 

.0094 

.0016 

.19 

.0140 

.0001 

.39 

1.4 

26213 

Feb.  15 

V.  slight. 

None. 

.26 

4.50 

1.50 

.0094 

.0084 

.0078 

.0006 

.24 

.0170 

.0001 

.32 

1.7 

26495 

Mar.  15 

V.  slight. 

None. 

.31 

3.50 

1.05 

.0092 

.0078 

.0074 

.0004 

.20 

.0230 

.0001 

.32 

1.3 

26943 

Apr.  26 

Decided. 

Slight. 

.30 

4.35 

1.35 

.0134 

.0066 

.0064 

.0002 

.19 

.0240 

.0001 

.27 

2.0 

27136 

May  17 

V.  slight. 

V.  slight. 

.29 

3.35 

1.35 

.0066 

.0088 

.0082 

.0006 

.17 

.0200 

.0000 

.32 

1.1 

27543 

27846 

June  22 
July  20 

Slight. 
Slight. 

Slight, 

floe. 
V.  slight. 

.24 
.14 

5.35 
5.10 

1.20 
1.35 

.0126 
.0116 

.0074 
.0096 

.0068 
.0090 

.0006 
.0006 

.28 
.32 

.0140 
.0380 

.0002 

.0003 

.20 
.20 

2.0 
1.8 

28233 
28694 

Aug.  16 
Sept.  20 

Slight, 

milky. 
V.  slight. 

Slight. 
V.  slight. 

.20 
.12 

4.55 
4.20 

1.80 
1.35 

.0034 
.0050 

.0064 
.0080 

.0062 
.0076 

.0002 
.0004 

.32 
.39 

.0200 
.0160 

.0000 
.0001 

.21 
.17 

1.4 
1.1 

29078 

Oct.  18 

Slight. 

Slight. 

.11 

4.50 

1.35 

.0040 

.0094 

.0080 

.0014 

.43 

.0210 

.0001 

.21 

2.1 

29402 

Nov.  15 

Slight. 

V.  slight. 

.48 

5.60 

1.70 

.0122 

.0124 

.0116 

.0008 

.34 

.0120 

.0000 

.46 

2.0 

29722 

Dec.  20 

V.  slight. 

V.  slight. 

.43 

4.75 

1.70 

.0096 

.0112 

.0112 

.0000 

.24 

.0270 

.0000 

.48 

1.6 

Averages  by  Years. 


1894 

- 

- 

.39 

6.10 

1.41 

.0103 

.0094 

.0081 

.0013 

.30 

.0309 

.0002 

.29 

1895 

- 

- 

.50 

5.95 

1.70 

.0146 

.0108 

.0094 

.0014 

.31 

.0274 

.0001 

.36 

1896 

- 

- 

.40 

5.43 

1.64 

.0121 

.0099 

.0079 

.0020 

.25 

.0319 

.0004 

.32 

1897 

- 

- 

.56 

5.17 

1.68 

.0123 

.0108 

.0095 

.0013 

.25 

.0317 

.0002 

.38 

1898 

- 

- 

.43 

4.66 

1.69 

.0107 

.0090 

.0084 

.0006 

.26 

.0324 

.0001 

.35 

1899 

- 

- 

.27 

4.44 

1.42 

.0087 

.0089 

.0083 

.0006 

.28 

.0205 

.0001 

.30 

2.S 
2.7 
2.4 
2.0 
1.9 
1.6 


Note  to  analyses  of  1899  :  Odor  in  July,  faintly  unpleasant;  in  November,  faintly  earthy;  at  other 
times,  none.    On  heating,  the  odor  of  most  of  the  samples  was  faintly  vegetable,  and  in  May  and  June, 

also  unpleasant. The  samples  were  collected  from  a  faucet  in  the  check  valve,  just  beyond  the  pump. 

The  average  amount  of  iron  found  in  the  samples  was  .0537  parts  per  100,000. 
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liAWKENCB. 

Chemical  Examination  of  Water 


from  the  Distributing  Reservoir  of  the  Lawrence 
Water  Works. 

[Parts  per  100,000.] 


Kbsidue  on 

= 

Appearance. 

Evapora- 

Ammonia. 

NiTKOGEN 

'■§ 

tion. 

y 

3 

c 

A 

ALBUMINOID. 

o 

>. 

■g 

•6 

^ 

0 

S 

1 

3 

o 

s 

S 
-3 

o 
"o 

■3 

ts 

■3 

> 

•o 

1  a 

1 

-2 

1 

■a 

!zj 

Q 

Eh 

(E 

U 

B 

ij 

Eu 

Eh 

a 

m 

0 

^  1  B 

0 

1899. 

25981 

Jan.  18 

V.  slight. 

V.  slight. 

.30 

4.00 

1.25 

.0078 

.0108 

.0098 

.0010 

.20 

.0110 

.0002 

.36 

1.6 

26214 

Feb.  15 

V.  slight. 

V.  slight. 

.26 

4.15 

1.70 

.0066 

.0086 

.0084 

.0002 

.23 

.0320 

.0001 

.32 

1.7 

26496 

Mar.  15 

V.  slight. 

V.  slight. 

.28 

3.85 

1.15 

.0076 

.0092 

.0084 

.0008 

.20 

.0170 

.0000 

.31 

1.3 

26944 

Apr.  26 

V.  slight. 

V.  slight. 

.25 

3.75 

1.25 

.0046 

.0086 

.0076 

.0010 

.15 

.0190 

.0001 

.29 

1.1 

27137 

May  17 

V.  slight. 

V.  slight. 

.21 

3.15 

1.25 

.0006 

.0118 

.0104 

.0014 

.16 

.0280 

.0001 

.30 

1.0 

27544 

June  22 

Slight. 

V.  slight. 

.12 

4.20 

1.50 

.0010 

.0090 

.0070 

.0020 

.29 

.0150 

.0002 

.22 

1.0 

27847 

July  20 

V.  slight. 

V.  slight. 

.08 

4.65 

1.20 

.0014 

.0108 

.0092 

.0016 

.31 

.0300 

.0003 

.21 

1.4 

28234 

Aug.  16 

V.  Blight. 

V.  slight. 

.10 

4.35 

1.75 

.0004 

.0064 

.0060 

.0004 

.31 

.0200 

.0001 

.22 

1.3 

28695 

Sept.  20 

V.  slight. 

V.  slight. 

.09 

4.35 

1.50 

.0010 

.0100 

.0094 

.0006 

.36 

.0110 

.0001 

.20 

1.6 

29096 

Oct.   21 

Slight. 

Slight. 

.11 

4.75 

1.35 

.0010 

.0106 

.0102 

.0004 

.40 

.0240 

.0003 

.20 

1.7 

29403 

Nov.  15 

Slight. 

V.  slight. 

.20 

4.80 

1.75 

.0024 

.0118 

.0114 

.0004 

.31 

.0160 

.0000 

.34 

1.7 

29723 

Dec.  20 

Slight. 

V.  slight. 

.24 

4.60 

1.35 

.0076 
.0035 

.0104 
.0098 

.0100 
.0090 

.0004 
.0008 

.30 
.27 

.0160 

.0001 
.0001 

.29 
.27 

1.7 

Av... 

.19 

4.22 

1.42 

.0199 

1.4 

Odor,  faintly  vegetable  or  none. The  samples  were  collected  from  a  faucet  at  the  gate-house, 

and  represent  water  flowing  out  of  the  reservoir.    The  reservoir  is  supplied  with  filtered  water. 

Water  Supply  of  Lee. — Berkshire  Water  Company. 

Chemical  Examination  of  Water  from  the  Upjicr  Reservoir  of  the  Berkshire  Water 

Com^mny. 

[Parts  per  100,000.] 


c 
0 

0 
0 

'S 

0 

APPEABANCB. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

B 

s 

0 

Nitrogen 

AS 

■a 

s 

s 

B 

8 

s 

1 

0 

1 

a 
Eh 

B 
1 

0 
0 
0 

"3 
0 

EH 

B 
0 

!l 
1 

6 

albuminoid. 

1 

u 

s 

3 

'A 

1 

> 
0 

(5 

•a 
1  c 
a  B. 

s 

27603 

1899. 

June  27 

Slight. 

Slight. 

.30 

2.10 

1.25 

.0006 

.0276 

.0236 

.0040 

.04 

.0010 

.0000 

0.55 

0.2 

27908 

July  26 

Slight. 

Cons. 

.50 

3.05 

2.15 

.0002 

.0548 

.0498 

.0050 

.11 

.0020 

.0000 

1.07 

0.2 

28526 

Sept.   7 

Decided. 

Cons. 

.59 

3.25 

2.25 

.0012 

.0632 

.0360 

.0272 

.06 

.0040 

.0000 

0.96 

0.2 

28873 

Oct.     3 

Decided. 

Cons. 

.60 

3.45 

2.15 

.0068 

.0608 

.0502 

.0106 

.05 
.06 

.0020 

.0000 

0.92 
0.87 

0.6 

Av... 
AV 

50 

2.96 

1.95 

.0022 

.0516 

.0399 

.0117 

.0022 

.0000 

0  3 

Odor  of  the  first  two  samples,  faintly  vegetable,  becoming  stronger,  and  in  the  second  sample  also 
fishy  on  heating;  of  the  last  two,  distinctly  disagreeable. 
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LEE. 

Microscopical  Examination  of  Water  from  the  Upper  Reservoir  of  the  Berkshire 

Water  Gompany. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Sept. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 

Diatomaceae,    . 

Asterionella, 

Synedra,     .... 

Cyanopliyceee, 

Algae, 

Arthrodesmus, 

ANIMALS, 

Infusoria 

Cryptomonas,    . 

Dinobryon, 

Mallomonas, 

Peridinium, 

Uroglena,   .... 

Verraes,       .... 

Crustacea 

Bosmina,  .... 
Cyclops,  .... 
Entomostracan  ova, . 

Miscellaneous,  Zobglcea, 

Total 


28 
27603 


27 
27908 


28526 


4 

28873 


602 
592 


108 

102 

0 


116 
0 

102 


204 
204 


152 
48 
76 


184 

2 

44 

22 

116 

0 


pr. 


594 
0 
4 
0 

590 
0 


124 

0 

116 

0 
6 
0 

2 

pr. 

0 

pr. 

pr. 


985 
100 

864 
4 
4 


pr. 
0 
0 


20 


803 


711 


451 


Chemical  Examination  of  Water  from  the  Lower  Beservoir  of  the  Berkshire  Water 

Company. 

[Parts  per  100,000.] 


c 

Appearance. 

Kesibue  on 

EVAPOKA- 

Ammonia. 

Nitrogen 

■a 

1 
3 

fi 
0 

o 
o 

1 

TION. 

0 

la 

2 
S 

a 

1 

■a 

i 

S 

03  1-1 

6 

ALBUMINOID. 

1 

'tH 

a 

3 

■3 

■a 
> 
0 

■a 
3  p. 

i 

a 
"S 

03 

0 

03 

o 

H 

tA 

fcl 

H 

0 

02 

0 

'A 

'A 

0 

1899. 

27604 

June  27 

V.  slight. 

V.  Blight. 

.22 

3.00 

1.40 

.0006 

.01.S6 

.0124 

.0012 

.04 

.0050 

.0001 

0.38 

1.4 

27909 

July  26 

V.  Blight. 

Slight. 

.70 

3.75 

1.95 

.0006 

.0244 

.0222 

.0022 

.03 

.0050 

.0000 

1.16 

1.3 

28527 

Sept.    7 

V.  slight. 

V.  Blight. 

.32 

3.20 

1.75 

.0008J.0192 

.0168 

.0024 

.04 

.0070 

.0000:0.43 

1.3 

28874 

Oct.     3 

V.  slight. 

V.  Blight. 

.37 

3.45 

2.00 

.0012  .0232 
0008'  f9m 

.0214 

.0018 

.08 
.05 

.0020 
.0047 

.0000 
.0000 

0.61 
0.64 

1.3 

Av... 

.40 

3.35 

1.77 

.0182 

.0019 

1  3 

Odor,  faintly  vegetable,  sometimes  none. 
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leicester. 

Water   Supply   of   Leicester   Water   Supply   District, 

Leicester. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Leicester  Water  Supply 

District. 

[Parts  per  100,000.] 


o 

J 

03 

Appbabance. 

c3 
3  > 

1 
Ammonia. 

c 

o 

H 

Nitrogen 

AS 

•6 
1 

to 
O 

c 

•s 

OS 

c 

.a 

a 

3 
'A 

3 

i 

u 

o 
o 

£ 

c 

< 

1 

1 

£ 

27351 

1S99. 

June    8 

V.  slight. 

V.  slight. 

.09 

4.60 

.0004 

.0024 

.23 

.0500 

.0003 

.05 

1.8 

.0150 

27641 

July    4 

None. 

V.  slight. 

.00 

5.10 

.0000 

.0014 

.26 

.0780 

.0000 

.02 

3.0 

.0020 

28085 

Aug.    8 

None. 

None. 

.02 

4.70 

.0000 

.0008 

.19 

.0940 

.0000 

.07 

1.7 

.0010 

28544 

Sept.  11 

V.  slight. 

V.  Blight. 

.12 

10.20 

.0140 

.0070 

.25 

.0020 

.0008 

.11 

4.4 

.0220 

28924 

Oct.     9 

None.  • 

None. 

.04 

5.20 

.0000 

.0010 

.26 

.1180 

.0000 

.02 

2.2 

.0020 

Av... 

.05 

5.96 

.0029 

.0025 

.24 

.0684 

.0002 

.05 

2.6 

.0084 

Odor,  none. The  first  and  third  samples  were  collected  from  faucets  in  the  town;  the  others, 

from  one  of  the  wells. 


Water  Supply  of  Lenox.  —  Lenox  Water  Company. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Lenox  Water 

Camp)  any. 

[Parts  per  100,000.] 


S 
o 

o 

o 

o 

Appearance. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

c 
'ti 
_o 

6 

.07 
.07 
.10 
.08 
.10 
.08 

Nitrogen 

AS 

-3 

s 

a 
o 

o 
g 

o 

3 

3 
1 

•3 

8 

"3 
o 

ll 

o 
iJ 

1 

ALBUMINOID. 

5 

S 

a 

"5 
1 

■a 
> 

o 

5 

1  c 

3  S, 

1 

26344 
26907 
27355 
28714 
29751 

1899. 

Feb.  27 

Apr.  23 
June    8 
Sept.  21 
Dec.  22 

V.  Blight. 
V.  slight. 
V.  slight. 
V.  slight. 
Decided. 

V.  Blight. 

Slight. 

Cons. 

Slight. 
V.  Blight. 

.03 
.06 
.04 
.05 
.05 

6.75 
4.10 
8.25 
9.50 
9.50 

0.75 
0.50 
0.95 
1.25 
1.00 

.0006 
.0008 
.0050 
.0006 
.0004 

.0028 
.0098 
.0210 
.0194 
.0058 

.0026 
.0086 
.0182 
.0168 
.0050 

.0002 
.0012 
.0028 
.0026 
.0008 

.0120 
.0050 
.0040 
.0010 
.0040 

.0000 
.0000 
.0000 
.0000 
.0000 

.08 
.12 
.14 
.17 
.15 
.13 

5.0 
2.6 
6.4 
7.1 
6.0 

Av... 

.05 

7.62 

0.89 

.0015 

.0118 

.0103 

.0015 

.0052 

.0000 

5  4 

Odor,  faintly  vegetable. The  samples  were  collected  from  the  reservoir  on  Williams  River, 

near  its  outlet. 
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LEOMINSTER. 


Water 

Chemical  Examination 


Supply  of  Leominster. 

of  Water  from  Haynes  Beservoir,  Leominster. 

[Parts  per  100,000.] 


c 

o 

O 

Appearance. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

g 

'u 
o 

2 
o 

.14 
.09 
.10 
.12 
.08 
.12 
.11 

Nitrogen 

AS 

■6 

a 

3 

c 
o 

o 

g 

bo 

o 

■3 
3 

3 
H 

1 

■3 

o 
o 

■3 
1 

1 

o 

1-t 

ALBUMINOID. 

5 

g 

1 
1 

« 
I 

■a 

> 

S 

•6 

"a 

1  a 

s  a, 

03 

1 

26018 
26545 
27222 
27902 
28779 
29457 

1899. 

Jan.  24 

Mar.  21 
May  24 
July  26 
Sept.  27 
Nov.  22 

Slight. 
V.  slight. 
V.  slight. 
Slight. 
Decided. 
Slight. 

Slight. 

V.  slight. 

Cons. 

Cons. 

Cons. 

Cons. 

.19 
.03 
.20 
.20 
.10 
.10 

1.60 
1.05 
1.90 
2.75 
2.15 
2.45 

0.85 
0.40 
1.05 
1.65 
1.35 
1.40 

.0002 
.0052 
.0000 
.0006 
.0008 
.0000 

.0150 
.0106 
.0268 
.0276 
.0460 
.0384 

.0126 
.0074 
.0182 
.0148 
.0258 
.0280 

.0024 
.0032 
.0086 
.0128 
.0202 
.0104 

.0030 
.0020 
.0030 
.0010 
.0020 
.0010 

.0000 
.0001 
.0000 
.0000 
.0000 
.0000 

.33 

.11 

.33 
.56 
.39 
.39 
.35 

0.2 
0.0 
0.0 
0.0 
0.0 
0.0 

Av... 

.14 

1.98 

1.12 

.0011 

.0274 

.0178 

.0096 

.0020 

.0000 

0.0 

Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  some  of  the  samples  became  stronger;  in 
January,  faintly  fishy;  in  November,  distinctly  unpleasant. 


Microscopical  Examination  of  Water  from  Haynes  Reservoir,  Leominster. 

[Number  of  organisms  per  cubic  centimeter.] 


May. 


July. 


Sept. 


Day  of  examination, 
Number  of  sample,   . 

PLANTS, 
Diatomacese, 

Asterionella,  . 
Melosira,  .  . 
Tabellaria,  . 

Cyanophycese, . 

Anabsena,    . 
Clathrocyetis,      . 
Microcystis,         . 
Oscillaria,    . 

Algee, 

Protococcus, 


25 
26018 


22 
26545 


25 

27222 


27 
27902 


28 
28779 


23 

29457 


2 

9 

0 

0 

4 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

764 

184 
34 
514 


376 

48 
116 
192 


236 

24 

196 

16 

0 


136 

72 


312 

24 

148 
140 


796 

100 

196 

0 

500 


1,696 

1,428 

16 

220 
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I,EOMINSTER. 

Microscopical  Examination  of  Water  from  Haynes  Eeservoir,  Leominster — 

Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

March. 

May. 

July. 

Sept. 

Nov. 

ANIMALS. 

Infusoria 

452 

18 

718 

4 

18 

8 

Ciliated  infusorian 

Dinobryon, 

Peridinium, 

Vorticella, 

0 
433 

18 
0 

0 

7 
4 
0 

0 

700 

2 

12 

0 
0 
0 
0 

12 
0 
0 
0 

0 
2 
0 
0 

Vermes, 

0 

0 

19 

4 

4 

16 

Annrea, 

0 

0 

16 

4 

4 

16 

Crustacea,  Daphnia,  .... 

0 

0 

pr. 

0 

0 

0 

Miscellaneous,  Zobgloea,  .... 

0 

7 

20 

40 

0 

10 

Total, 

461 

40 

1,623 

796 

1,152 

1,768 

Chemical  Examinatioti  of  Water  from  Morse  Eeservoir,  Leominster. 

[Parts  per  100,000.] 


_ 

c 
o 

"S 

o 

o  - 
o 

s, 

OS 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

3 
o 

NlIBOGEN 
AS 

o 

a 

5 
o 
c 

o 

■3 

3 

1 
"3 

m 

u 
o 

8 

"3 

B 
_o 

o 

i 

|3h 

ALBUMINOID. 

2 

g 

' —  u 

a 

a 
"A 

3 

> 
o 

5 

■a 

00 

1 

26019 

1899. 

Jan.  24 

Slight. 

Slight. 

.20 

1.80 

0.95 

.0022 

.0144 

.0116 

.0028 

.10 

.0010 

.0000 

.32 

0.0 

26546 

Mar.  21 

V.  slight. 

V.  slight. 

.14 

1.75 

0.75 

.0050 

.0108 

.0088 

.0020 

.09 

.0020 

.0000 

.27 

0.3 

27223 

May  24 

Slight. 

Slight. 

.14 

1.65 

0.75 

.0000 

.0142 

.0120 

.0022 

.09 

.0040 

.0000 

.26 

0.0 

27903 

July  26 

Slight. 

Cons. 

.17 

2.25 

1.40 

.0000 

.0266 

.0180 

.0086 

.10 

.0010 

.0000 

.45 

0.0 

28780 

Sept.  27 

Decided. 

Cons. 

.18 

1.95 

1.40 

.0016 

.0392 

.0214 

.0178 

.11 

.0020 

.0000 

.43 

0.0 

29458 

Nov.  22 

v.  Blight. 

Slight. 

.20 

2.60 

1.40 

.0000 
.0015 

.0302 

.0244 

.0058 

.13 
.10 

.0020 

.0000 

.44 
.36 

0.0 

Av... 

.17 

2.00 

1.11 

.0226 

.0160 

.0066 

.0020 

.0000 

n  0 



Odor,  generally  vegetable,  sometimes  none.    An  unpleasant  odor  was  developed  in  the  last  three 
Bamples  on  heating. 
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LEOMINSTER. 

Microscopical  Examination  of  Water  from  Morse  Reservoir,  Leominster, 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.  March.  May.  July.  Sept.  Nov. 


Day  of  examination, 
Number  of  sample,  . 

PLANTS. 

Diatomaceee, 

Asterionella,       .        . 
Meloslra, 

Synedra,      .        .        , 
Tabellaria,  . 

Oyanoplaycese,  . 

Anabgena,  . 
Clathrocystis, 

Algse 

Cosmarium, 
Raphldiura, 
Scenedesmus, 

ANIMALS, 
Infusoria,     . 

Ciliated  infusorian,  . 

Dinobryon, 

Peridinium, 

Vermes, 

Crustacea,  Cyclops,   . 


25 
26019 


22 
26546 


25 
27223 


27 
27903 


28    . 
28780 


23 

29458 


933 

910 

0 

3 

20 


646 

640 

0 

1 

5 

0 
0 
0 

0 
0 
0 
0 


686 

190 

62 

108 
324 


92 
4 
2 
4 

80 

142 

138 
4 

1,213 

1,200 
0 
0 


96 
36 

28 
12 
18 

136 

62 

3,072 

0 

64 

3,000 


158 

0 

158 

0 

0 

0 


Miscellaneous,  Zoogloea, 


Total, 


1,451 


3,331 


Chemical  Examination  oj  Water  from  Fall  Brook,  above  the  Fall  Brook  Reservoir, 

[Parts  per  100,000.] 


Residue  on 

a 
3 

APPEAEANCB. 

Evapora- 
tion. 

Ammonia. 

NiTKOGEN 
AS 

a 

3 

c 
o 

o 

>. 

o 

ALBUMINOID. 

•6 

•d 

"' 

1 

3 

o 

2 

a 

'■5 

u 

* 

> 

t3 

,  a 

o 

2 

? 

S 

"    'A 

fl 

H 

to 

O 

H 

^^ 

fH 

H 

a 

OS 

u 

S 

S 

o 

w 

1899. 

26015 

Jan.  24 

V.  slight. 

Slight. 

.23 

2.50 

0.80 

.0000 

.0068 

.0062 

.0006 

.14 

.0020 

.0000 

.30 

0.2 

26283 

Feb.  21 

V.  slight. 

Slight. 

.14 

2.25 

1.15 

.0020 

.0148 

.0098 

.0050 

.11 

.0010 

.0000 

.26 

0.2 

26542 

Mar.  21 

V.  slight. 

V.  slight. 

.20 

1.85 

0.65 

.0010 

.0128 

.0096 

.0032 

.11 

.0050 

.0001 

.31 

0.2 

26939 

Apr.  26 

V.  slight. 

V.  slight. 

..SS 

2.00 

1.00 

.0000 

.0112 

.0108 

.0004 

.10 

.0020 

.0000 

.50 

0.0 

27614 

June  28 

V.  slight. 

Cons. 

.10 

1.85 

0.85 

.0010 

.0212 

.0164 

.0048 

.12 

.0000 

.0000 

.25 

0.2 

27899 

July  26 

Slight. 

Slight. 

.26 

2.85 

1.50 

.0002 

.0220 

.0186 

.0034 

.12 

.0020 

.0000 

.61 

0.2 

28336 

Aug.  23 

Slight. 

Slight. 

.04 

1.95 

0.70 

.0006 

.0158  .0140 

.0018 

.11 

.0010 

.0000 

.17 

0.3 

28776 

Sept.  27 

V.  slight. 

Slight. 

.16 

2.65 

1.15 

.0006 

.0162'. 0152 

.0010 

.14 

.0020 

.0000 

.35 

0.2 

29137 

Oct.   25 

Slight. 

V.  slight. 

.O.S 

1.95 

0.85 

.0010  .0198  .0174 

.0024 

.16 

.0010 

.0000 

.28 

0.2 

29454 

Nov.  22 

V.  slight. 

v.  slight. 

.29 

3.40 

1.20 

.0002. 0128  .0120 

.0008 

.20 

.0000 

.0000 

.44 

0.2 

29806 

Dec.  27 

None. 

V.  slight. 

.45 

3.65 

1.50 

.0004  .0128  .0120 

.0008 

.22 

.0030 

.0000 

.68 

0.3 
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liEOMIlSrSTER. 

Chemical  Examination  of  Water  from  Fall  Brook,  above  the  Fall  Brook  Reservoir 

—  Concluded. 

Averages  by  Tears. 

[Parts  per  100,000.] 


c 

Appearance. 

EVAPOKA- 

Ammonia. 

Nitrogen 

■a 

"5 

TION. 

s 

ALBOMINOID. 

0 

^ 

-^ 

■d 

■0 

a 

0 

» 

.0 

s 

0 
'a 

■a 

1 
a 

s 

-5 

u 

3 

■3 
0 

> 
0 

-a 
,  s 

s  p. 

a 
0 

5 

a 

s 
■o 

" 

H 

cc 

0 

Eh 

1-3 

fe 

EH 

0 

05 

(J 
.16 

"A 

'A 

0 

» 

^ 

1897 

_ 

_ 

.61 

3.01 

1.49 

.0006  .0135 

.0126 

.0009 

.0041 

.0000 

.60 

0.5 

- 

1898 

- 

- 

.46 

2.54 

1.30 

.0005  .0129 

.0114 

.0015 

.13 

.0035 

.0000 

.50 

0.6 

- 

1899 

- 

- 

.20 

2.45 

1.03 

.0006  .0151 

.0129 

.0022 

.14 

.0017 

.0000 

.38 

0.2 

Note  to  analysea  of  1899:  Odor,  generally  vegetable,   sometlmea  none.- 
collected  from  Fall  Brook,  aa  it  enters  the  reservoir. 


■  The  samples  were 


Chemical  Examination  of  Water  ffom  Fall  Brook  Reservoir,  Leominster. 

[Parte  per  100,000.] 


Residue  on 

s 

Appearance. 

Evapora- 

Ammonia. 

'% 

tion. 

3 

0 
0 

c 

albuminoid. 

0 

>, 

■S 

■o 

■d 

oj 

i 

a 

s 

0 

■a 

3 
3 

S 

u 

0 

3 

°^ 

S 

■3 

> 

'c 

1  c 

3  D, 

C 
0 

s 
u, 

^ 

0 

a 
"S 

a! 

'A 

0 

Eh 

m 

0 

Eh 

hJ 

b 

E- 

Q 

CO 

u 

'A 

s 

0 

a: 

1899. 

26016 

Jan.  24 

Slight. 

Cons. 

.20 

1.90 

1.00 

.0002 

.0158 

.0126 

.0032 

.12 

.0010 

.0000 

.32 

0.2 

26284 

Feb.  21 

V.  alight. 

Slight. 

.19 

2.35 

1.25 

.0022' .0156 

.01201.0036 

.14 

.0010'. 0000 

.33 

0.5 

26543 

Mar.  21 

V.  slight. 

V.  Blight. 

.18 

1.95 

0.70 

.0014  .0116 

.0100  .0016 

.10 

.0030;.  0001 

.31 

0.2 

26940 

Apr.  26 

V.  slight. 

Slight. 

.10 

2.15 

1.00 

.0010  .0114 

.0100'. 0014 

.13 

.0040  .0001 

.26 

0.0 

27220 

May  24 

V.  alight. 

Slight. 

.12 

1.85 

0.80 

.0006  .0152 

.01341.0018 

.12 

.00201.0000 

.26 

0.0 

27615 

June  28 

Blight. 

Cons. 

.08 

2.10 

1.15 

.0008  .0180 

.0142  .0038 

.12 

.0000!.  0000 

.27 

0.2 

27900 

July  26 

V.  slight. 

Blight. 

.07 

1.95 

0.90 

.0006  .0202 

.0144  .0058 

.13 

.0030,  .0000 

.27 

0.2 

28337 

Aug.  23 

Blight. 

Slight. 

.05 

1.95 

0.65 

.0008  .0168 

.01401.0028 

.12 

.0010  .0000 

.21 

0.3 

28777 

Sept.  27 

Slight. 

Slight. 

.09 

1.75 

1.05 

.0002  .0170 

.0154 

.0016 

.14 

.0010  .0000 

.22 

0.2 

29138 

Oct.   25 

V.  slight. 

Blight. 

.05 

1.75 

0.90 

.0002  .0182 

.0148 

.0034 

.16 

.0010  .0000 

.22 

0.2 

29455 

Nov.  22 

V.  slight. 

Slight. 

.08 

1.90 

0.85 

.0002i.0182 

.0156 

.0026 

.13 

.0000  .0000 

.24 

0.0 

29807 

Dec.  27 

Blight. 

Cons. 

.10 

1.75 

0.85 

.0000;.  0152 

.0138 

.0014 

.14 

.0010  .0000 

.26 

0.2 

Averages  by  Tears. 


. 

1897 

.36 

2.96 

1.39 

.0026 

.0200 

.0160  .0040 

.20 

.0033 

.0000 

.45 

0.6 

- 

1898 

. 

- 

.26 

2.35 

1.16 

.0011 

.0169 

.01391.0030 

.16 

1.0037 

.0001 

.35 

0.5 

~ 

1899 

- 

- 

.11 

1.95 

0.92 

.0007 

.0161 

.01331.0028 

.13 

.0015 

.0000 

.26 

0.2 

Note  to  analyses  of  1899 :    Odor,  generally  faintly  vegetable,  sometimes  none ;  in  July,  faintly 

unpleasant,  becoming  also  flshy  on  heating. The  samples  were  collected  from  the  reservoir,  at  the 

gate-house,  1  foot  beneath  the  surface. 
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liEOMINSTEB. 

Microscopical  Examinalion  of  Water  from  Fall  Brook  Reservoir,  Leominster. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 


Jan.    Feb.    Mar.  Apr.   May.  June.   July.  Aug.  Sept.  Oct.    Nov. I  Dec 


Day  of  examination,  . 
Number  of  sample,    . 


25 
26016 


23 

26284 


22 
26543 


27 
26940 


25 
27220 


29 
27615 


27 
27900 


24 
28337 


28 
28777 


26 
29138 


23       29 
29455  29807 


PLANTS. 

Diatomacese, 

Asterionella, 
Synedra, 
Tabellaria,    . 

Cyanophycese,  Anabsena, 

Algse,        .... 

ANIMALS. 

Infusoria, 

Dinobryon,  . 
Peridinium,  . 

Vermes 

Crustacea,    . 
Cyclops, 
Daphnia, 


354 

300 
34 


0       20 


163 


146 
0 


944 

918 
16 


210 

162 

2 

46 

16 

0 


pr. 
0 


107 

0 

102 


pr. 


587 

576 
10 


pr, 


Miscellaneous,  Zobgloea, 


7        8 


Total, 


1,538 


253     180 


129 


Chemical  Examinalion  of  Water  from,  Fall  Brook  Reservoir,  Leominster,  collected 

near  the  Bottom. 

[Parts  per  100,000.] 


Residue  on 

_ 

si 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

•a 

o 

tion. 

o 

a 

>. 

-4-^ 

o 

ALBCMINOID. 

■a 

_; 

^ 

1 

o 

S 

S 
■a 

_o 

3 

=  5 

i 

a 

> 

•a 

1   B 
3  » 

1 

"n 

1 

1 

(zi 

Q 

H 

m 

O 

H 

J 

fe 

H 

5 

OO 

o 

^        ^ 

o 

W 

1899. 

1 

26017 

Jan.  24 

Slight. 

Slight. 

.19 

2.15 

1.00 

.0038 

.0156 

.0132 

.0024 

.13 

.0020 

.0000 

.34 

0.3 

26285 

Feb.  21 

V.  slight. 

Slight. 

.21 

2.40 

1.35 

.0030 

.0148 

.0128 

.0020 

.14 

.0020 

.0000 

..36 

0.5 

26544 

Mar.  21 

Slight. 

Slight. 

.20 

2.40 

1.05 

.0026 

.0192 

.0152 

.0040 

.13 

.0050 

.0001 

.31 

0.2 

26941 

Apr.  26 

V.  slight. 

Slight. 

.10 

2.00 

1.00 

.0006 

.0116 

.0098 

.0018 

.12 

.0030 

.0001 

.29 

0.2 

27221 

May  24 

V.  slight. 

Slight. 

.14 

1.75 

0.95 

.0010 

.0156 

.0140 

.0016 

.12 

.0050 

.0000 

.24 

0.0 

27616 

June  28 

Slight. 

Cons. 

.10 

1.75 

1.05 

.0006 

.0158 

.0128 

.0030 

.11 

.0000 

.0000 

.26 

0.2 

27901 

July  26 

V.  slight. 

Slight. 

.07 

2.60 

1.20 

.0000 

.0156 

.0146 

.0010 

.13 

.0010 

.0000 

.28 

0.3 

28338 

Aug.  23 

Slight. 

Slight. 

.06 

1.85 

0.45 

.0012 

.0184 

.0146 

.0038 

.12 

.0020 

.0000 

.21 

0.0 

28778 

Sept.  27 

Slight. 

Slight. 

.04 

1.75 

1.00 

.0012 

.0196 

.0150 

.0046 

.12 

.0010 

.0000 

.26 

0.2 

29139 

Oct.   25 

Slight. 

Slight. 

.03 

1.80 

0.85 

.0006 

.0184 

.0146 

.0038 

.16 

.0060 

.0000 

.28 

0.2 

29456 

Nov.  22 

V.  slight. 

V.  slight. 

.10 

1.90 

0.85 

.0001 

.0184 

.0164 

.0020 

.13 

.0000 

.0000 

.23 

0.0 

29808 

Dec.  27 

Slight. 

Cons. 

.09 

1.80 

0.90 

.0004 

.0190 

.0154 

.0036 

.15 
.13 

.0010 
.0023 

.0000 
.0000 

.26 

.28 

0.2 

Av... 

.11 

2.01 

0.97 

.0013 

.0168 

.0140 

.0028 

0.2 

1 

Odor,  faintly  vegetable  or  none;  in  July,  faintly  unpleasant,  becoming  also  fishy  on  heating.    The 

odor  of  most  of  the  samples  became  vegetable  on  heating. The  samples  were  collected  from  the 

reservoir,  near  the  gate-house,  about  1  foot  from  bottom. 
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lexington. 

Water  Supply  of  Lexington. 

Chemical  Examination  of  Water  from  Vine  Brook,  above  the  Storage  Reservoir  of 
the  Lexington  Water  Works. 

[Parts  per  100,000.] 


Residue  on 

~^ 

a 

Appearance. 

Evapora- 

Ammonia. 

Nitbogen 

tion. 

d 

3 

C3 

c 

ALBUMINOID. 

-     u 

2 

3 

'A 

o 

is 
s 

3 

1 

o 

o| 

6 

■3 

•a 

a 

_>; 

0 

1    B 
a  tx 

6 

H 
0 

1 

2 

i 

6 

c 

H 

ro 

O 

H 

>A 

U^ 

ir* 
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m 

u 

"A 

z 

0 

a 

1899. 

26039 

Jan.  25 

Slight. 

V.  slight. 

.39 

3.55 

1.45 

.0020 

.0194 

.0172 

.0022 

.30 

.0010 

.0000 

.52 

0.6 

26263 

Feb.  20 

Slight. 

V.  slight. 

.22 

4.40 

1.80 

.0066 

.0244 

.0214 

.0030 

.33 

.0070 

.0001 

.52 

1.0 

26624 

Mar.  30 

Slight. 

Slight. 

.37 

6.10 

2.80 

.0042 

.0270 

.0202 

.0068 

.34 

.0210 

.0004 

.52 

1.8 

26932 

Apr.  26 

Slight. 

Slight. 

.40 

4.25 

2.25 

.0008 

.0270 

.0226 

.0044 

.25 

.0020 

.0001 

.68 

0.6 

27268 

May  31 

Slight. 

Slight. 

.51 

4.85 

2.10 

.0092 

.0230 

.0202 

.0028 

.34 

.0050 

.0001 

.50 

1.1 

27605 

June  28 

Slight. 

Cods., 

earthy. 

.20 

4.40 

1.35 

.0148 

.0212 

.0124 

.0088 

.30 

.0060 

.0007 

.27 

1.4 

27904 

July  26 

Decided. 

Cons. 

.57 

7.50 

2.80 

.0086 

.0362 

.0286 

.0076 

.32 

.03^0 

.0003 

.90 

3.1 

28380 

Aug.  28 

Decided. 

Cons., 

floe. 

.36 

5.80 

2.15 

.0015 

.0705 

.0375 

.0330 

.32 

.0020 

.0000 

.60 

1.S 

28771 

Sept.  27 

Slight. 

Cons. 

.36 

6.25 

1.85 

.0016 

.0184 

.0152 

.0032 

.47 

.0060 

.0000 

.47 

2.5 

29133 

Oct.    25 

Slight. 

Cons. 

.48 

6.00 

1.70 

.0008 

.0264 

.0160 

.0104 

.47 

.0030 

.0000 

.55 

2.0 

29473 

Nov.  22 

Decided. 

Cons. 

.34 

6.05 

2.35 

.0004 

.0312 

.0260 

.0052 

.39 

.0010 

.0000 

.54 

2.0 

29786 

Dec.  27 

Decided. 

Cons. 

.30 

6.05 

2.65 

.0015 

.0345 

.0215 

.0130 

.38 
.35 

.0020 

.0005 

.70 
.56 

1.7 

Av... 

37 

5.43 

2.10 

.0043 

.0299 

.0216 

.0083 

.0073 

.0002 

1.6 

Odor  in  February,  faintly  mouldy  and  disagreeable;  in  August,  offensive;  at  other  times,  faintly 
vegetable  or  none.  On  heating,  the  odor  of  all  of  the  samples  was  vegetable,  and  sometimes  musty  or 
unpleasant. 


Chemical  Examination  of  Water  from  the  Vine  Brook  Storage  Reservoir,  oj  the 

Lexington  Water  Works. 

[Parts  per  100,000.] 


Odor,  faintly  vegetable  or  none;  in  May,  disagreeable.    A  fishy  and  unpleasant  odor  was  developed 
in  many  of  the  samples  on  heating. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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liEXTNGTOISr. 

Ilicroscojncal  Examination  of  Water  from  the  Vine  Brook  Storage  Reservoir  of  the 

Lexington  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb.    Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 
Number  of  sample, 

26 
26040 

21 
26264 

31 

26625 

26 
26933 

31 

27269 

28 
27606 

27, 
27905 

29 

28381 

28 
28772 

26 
29134 

24 

29474 

27 

29787 

PLANTS. 
Diatomacese,  .... 
Synedra, 

•Cyanopliyceee,  Microcystis, 

Algse 

Protococcus 

Raphidium 

1 
1 

0 

800 

800 
0 

1 
1 

0 

60 

60 
0 

0 
0 

0 

202 

200 
0 

58 

42 

0 

208 

200 
0 

1,356 
1,336 

0 

220 

100 
68 

222 

218 

0 

1,212 

1,200 

0 

92 

74 

0 

804 

792 
0 

56 

56 

2 

12,040 
12,000 

8 

48 

48 

0 

14,036 

14,000 

16 

22 

16 

0 

5,003 

5,000 

0 

6 

6 

0 

8,002 

8,000 

0 

8 

6 

0 

19,202 

19,200 

0 

ANIMALS. 

Infusoria, 

Ciliated  infusorian, 
Dinobryon,      .... 
Epistylis,          .... 

Monas, 

Peridinium 

Vermes 

Anurea, 

Polyarthra,     .... 

Crustaceat,  Cyclops, 

4 

0 
0 
0 
0 
2 

0 
0 
0 

0 

32 
0 

28 
0 
0 
3 

2 

0 
2 

0 

500 
0 

460 
0 

20 
8 

10 
0 

10 

0 

34 

0 
28 
0 
0 
2 

4 

2 
2 

0 

172 

0 

8 

0 

0 

164 

8 

6 
2 

0 

420 

0 

0 

10 

0 

410 

12 

12 
0 

0 

14 

0 
0 
0 
14 
0 

0 
0 
0 

0 

306 

12 

0 

0 

0 

288 

6 

2 

4 

0 

108 
0 

0 

0 

0 

104 

8 

8 
0 

0 

6 

0 
0 
0 
0 
2 

0 

0 
0 

pr. 

12 
0 
0 
0 
0 

12 

6 
6 
0 

0 

2 

0 
0 
0 
2 
0 

0 

0 
0 

0 

Miscellaneous,  Zoogloea, 

G 

5 

7 

25 

10 

7 

10 

30 

14 

5 

6 

6 

Total 

805 

100 

719 

329 

1,766 

1,873 

920 

12,440 

14,214 

5,036 

8,032 

19,218 

Chemical  Examination  of  Water  from  the  Wells  of  the  Lexington  Water  Works. 

[Parts  per  100,000.] 


Appearance. 

Ammokia.    1 

NiTKOGEN 

■d 

- 

^2 

AS 

a 

3 

1 

"3 
a 

s 

1 
-3 

o 

V 

■a 
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1 
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*C 
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_  o 
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1899. 

■26626 

Mar.  30 

V.  slight. 

None. 

.38 

7.80 

.0282 

.0162 

.44 

.0710 

.0036 

.50 

3.8 

.0080 

27270 

May  31 

V.  Blight. 

V.  slight. 

.38 

6.30 

.0014 

.0114 

.49 

.0800 

.0002 

.41 

2.5 

.0060 

27607 

June  28 

Decided. 

Cons., 

earthy. 

.21 

8.20 

.0010 

.0116 

.41 

.0420 

.0001 

.36 

3.3 

.0300 

27906 

July  26 

V.  slight. 

V.  slight. 

.09 

8.10 

.0000 

.0060 

.44 

.0340 

.0000 

.15 

3.6 

.0050 

28382 

Aug.  28 

"V.  Blight. 

V.  slight. 

.13 

8.80 

.0004 

.0076 

.46 

.0230 

.0000 

.21 

3.8 

.0130 

28773 

Sept.  27 

Decided. 

Slight. 

.22 

7.80 

.0024 

.0086 

.51 

.0220 

.0026 

.22 

4.3 

.0200 

291.35 

Oct.   25 

V.  slight. 

V.  slight. 

.17 

8.20 

.0014 

.0052 

.47 

.0410 

.0000 

.17 

4.0 

.0050 

29475 

Nov.  22 

None. 

None. 

.14 

9.40 

.0000 

.0092 

.54 

.0720 

.0000 

.29 

4.3 

.0090 

29788 

Dec.  27 

V.  slight. 

None. 

.15 

11.00 

.0014 

.0104 

.53 

.0490 

.0000 

.38 

•  4.6 

.0030 

Av 

.21 

8.40 

.0040 

.0096 

.48 

.0482 

.0007 

.30 

3.8 

.0110 

j 

Odor  of  the  first  sample,  faintly  disagreeable;  of  the  others,  none.    A  faintly  unpleasant  odor  was 

developed  in  the  third  sample  on  heating. The  samples  were  collected  from  a  faucet  in  the  pumping 

atation,  and  represent  water  from  the  wells  before  it  has  passed  through  the  mechanical  filter. 
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liEXINGTON. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Lexington  Water  Works, 
after  passing  through  a  Mechanical  Filter. 

[Parts  per  100,000.] 


c 
o 
■■s 

o 

Appearance. 

a 

»  03 

=  > 

Ammonia. 

1 

Nitrogen 

AS 

a 

3 

c 
go 

o 

a 
•a 

a 

X 

a 

a 

2 
a 

1 
■5 

u 
o 
o 
O 

o 

e 

a 
2 

)— 1 

26627 

1899. 

Mar.  30 

V.  slight. 

V.  slight. 

.60 

7.50 

.0006 

.0158 

.54 

.1600 

.0000 

.64 

3.0 

.0150 

27271 

May  31 

V.  slight. 

None. 

.31 

7.70 

.0002 

.0110 

.48 

.0800 

.0003 

.38 

3.0 

.0050 

27608 

June  28 

V.  slight. 

V.  Blight. 

.11 

7.70 

.0000 

.0080 

.44 

.0580 

.0000 

.20 

3.1 

.0090 

27907 

July  26 

None. 

None. 

.06 

7.30 

.0000 

.0054 

.44 

.0350 

.0000 

.14 

3.5 

.0030 

28383 

Aug.  28 

V.  slight. 

None. 

.05 

8.50 

.0004 

.0064 

.46 

.0240 

.0000 

.18 

3.5 

.0020 

28774 

Sept.  27 

V.  slight. 

None. 

.10 

8.60 

.0002 

.0066 

.52 

.0380 

.0000 

.19 

4.3 

.0030 

29186 

Oct.   25 

V.  slight. 

V.  slight. 

.02 

7.90 

.0010 

.0046 

.49 

.0340 

.0000 

.12 

3.9 

.0050 

29476 

Nov.  22 

V.  slight. 

V.  slight. 

.30 

9.70 

.0002 

.0120 

.54 

.1000 

.0001 

.43 

4.3 

.0210 

29789 

Dee.  27 

V.  slight. 

None. 

.47 

11.60 

.0020 

.0132 

.55 

.0620 

.0000 

.49 

4.7 

.0050 

Av... 

.22 

8.50 

.0005 

.0092 

.50 

.0657 

.0000 

.31 

3.7 

.0076 

Odor  of  the  first  sample,  faintly  vegetable;  of  the  others,  none. The  samples  were  collected  from 

a  tap  at  the  pumping  station,  and  represent  water  from  the  wells  that  has  passed  through  the  mechanical 
filter. 


Water  Supply  of  Lincoln. 

(See  Concord.) 


Water  Supply  of  Lowell. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Lowell, 
with  reference  to  the  presence  of  lead  in  the  water  drawn  through 
lead  service  pipes  in  that  city,  and  the  etlect  upon  the  health  of  the 
people  using  the  water,  may  be  found  on  pages  23  to  26  of  this 
volume. 

The  advice  of  the  Board  to  the  city  of  Lowell,  relative  to  taking 
water  from  certain  sources  in  the  vicinity  of  the  city,  may  be  found 
on  pages  26  to  28  of  this  volume. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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liOWELIi. 

Chemical  Examination  of  Water  from  the  Merrimack  River  above  Lowell. 

[Parts  per  100,000.] 


a 

Appearance. 

Residue  on 

KVAPORA- 
TION. 

Ammonia. 

NiTKOGEN 

AS 

i 

a 

3 

c 

ALBUMINOID. 

1 
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|2i 
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•S 

3 
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1 
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■d 

3  O. 

CO 

a 
T. 
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1 

2 

5 

o 

1 

1S99. 

25961 

Jan.  17 

Decided . 

Cons. 

.32 

3.10 

1.50 

.0042 

.0166 

.0126 

.0040 

.18 

.0060 

.0001 

.45 

0.6 

26217 

Feb.  14 

Slight. 

V.  slight. 

.22 

3.50 

1.35 

.0072 

.0138 

.0118 

.0020 

.19 

.0070 

.0001 

.37 

1.1 

26471 

Mar.  14 

Decided. 

Cons. 

.33 

3.05 

1.35 

.0038 

.0196 

.0134 

.0062 

.12 

.0040 

.0001 

.44 

0.5 

26720 

Apr.  11 

Slight. 

Slight. 

.30 

2.80 

1.10 

.0010 

.0158 

.0132 

.0026 

.08 

.0060 

.0001 

.42 

0.5 

27110 

May  16 

Slight. 

Slight. 

.29 

2.95 

1.10 

.0022 

.0152 

.0128 

.0024 

.10 

.0110 

.0001 

.42 

0.5 

27495 

June  20 

Slight. 

Cons. 

.18 

3.25 

1.10 

.0010 

.0210 

.0152 

.0058 

.16 

.0030 

.0001 

.31 

1.1 

27843 

July  20 

V.  slight. 

Slight. 

.15 

3.80 

0.95 

,0020 

.0244 

.0166 

.0078 

.22 

.0080 

.0003 

.38 

l.l 

28215 

Aug.  15 

V.  slight. 

V.  slight. 

.23 

4.15 

1.75 

.0058 

.0176 

.0146  .0030 

.17 

.0040 

.0002 

.36 

0.8 

28661 

Bept.  19 

Slight. 

Slight. 

.15 

3.70 

1.85 

.0046 

.0222 

.0180 

.0042 

.28 

.0050 

.0003 

.27 

1.4 

29029 

Oct.  16 

V.  slight. 

V.  slight. 

.20 

4.20 

1.40 

.0088 

.0176 

.0164 

.0012 

.24 

.0060 

.0004 

.44 

1.3 

29383 

Nov.  14 

Slight. 

Slight. 

.28 

4.20 

1.65 

.0080 

.0204 

.0190 

.0014 

.24 

.0070 

.0002 

.51 

1.3 

29726 

Dec.  20 

Decided. 

Slight. 

.62 

4.55 

1.95 

.0120 

.0204 

.0192 

.0012 

.22 

.0050 

.0001 

.72 

1.0 

Averages  by  Years. 


1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


.30 

3.42 

0.97 

.0016 

.0148 

- 

- 

.16 

.0099 

.0002 

_ 

.28 

2.95 

0.84 

.0018 

.0149 

.0126 

.0023 

.14 

.0071 

.0002 

- 

.30 

3.57 

1.54 

.0014 

.0128 

.0104 

.0024 

.13 

.0111 

.0001 

- 

.29 

3.43 

1.23 

.0017 

.0129 

.0100 

.0029 

.13 

.0137 

.0001 

- 

.39 

3.61 

1.36 

.0021 

.0141 

.0113 

.0028 

.14 

.0092 

.0001 

- 

.33 

3.39 

1.18 

.0026 

.0149 

.0120 

.0029 

.17 

.0083 

.0001 

.44 

.35 

3.55 

1.26 

.0034 

.0135 

.0109 

.0026 

.18 

.0063 

.0001 

.40 

.41 

3.84 

1.46 

.0039 

.0187 

.0140 

.0047 

.21 

.0066 

.0001 

.54 

.40 

3.47 

1.28 

.0034 

.0167 

.0136 

.0031 

.17 

.0070 

.0001 

.52 

.50 

3.54 

1.46 

.0030 

.0177 

.0153 

.0024 

.15 

.0067 

.0001 

.52 

.42 

3.53 

1.56 

.0026 

.0173 

.0150 

.0023 

.17 

.0048 

.0001 

.49 

.27 

3.60 

1.42 

.0050 

.0187 

.0152 

.0035 

.18 

.0060 

.0002 

.42 

Note  to  analyses  of  1899:   Odor,  generally  vegetable,  sometimes  musty  or  unpleasant. The 

samples  were  collected  from  the  river,  opposite  the  intake  of  the  Lowell  water  works.  For  a  comparison 
of  the  analyses  of  the  river  at  Lowell  and  Lawrence  for  a  series  of  years,  see  "  Merrimack  River,"  in 
the  chapter  on  "  Examination  of  Rivers,"  in  a  subsequent  portion  of  this  report.  The  river  has  not 
been  used  directly  as  a  source  of  water  supply  during  the  year. 
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liOWEIili. 

Chemical  Ezamiyiation  of  Water  from  Tubular  Wells  in  the  Valley  of  River  Meadow 
Brook,  a  Short  Distajice  above  Plain  Street. 

[Parts  per  100,000.] 


a 
o 

1 
o 

s 

Appearance. 

§  > 

Ammonia. 

B 
1 

Nitrogen 

AS 

•6 

a 

3 
B 

1 

B 

•o 

OS 

1 

■3 

1 

-3 

c 

o 
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o 

B 

ha 

2 
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a 

H 

O! 

U 
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< 

o 
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'A 
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HH 

~  . 

1899. 

25963 

Jan.   17 

V.  slight. 

V.  Blight. 

.05 

8.70 

.0008 

.0028 

.51 

.0420 

.0001 

.10 

3.6 

.0040 

26219 

Feb.  14 

None. 

V.  slight. 

.05 

8.70 

.0008 

.0028 

.50 

.0370 

.0000 

.08 

3.6 

.0100 

26473 

Mar.  14 

Slight. 

Slight. 

.12 

8.60 

.0018 

.0036 

.46 

.0080 

.0001 

.13 

3.4 

.0230 

26718 

Apr.  11 

V.  Blight. 

V.  Blight. 

.08 

8.50 

.0018 

.0044 

.44 

.0240 

.0000 

.11 

3.8 

.0100 

27112 

May  16 

V.  Blight. 

None. 

.10 

8.30 

.0030 

.0046 

.43 

.0200 

.0001 

.18 

3.3 

.0120 

27497 

June  20 

V.  slight. 

V.  slight. 

.10 

8.80 

.0020 

.0042 

.40 

.0080 

.0000 

.13 

3.3 

.0080 

27534 

June  21 

V.  slight, 

milky. 

V.  Blight. 

V.  Blight. 

.09 

8.80 

.0024 

.0048 

.43 

.0170 

.0000 

.14 

3.3 

.0180 

27585 

June  26 

V.  slight. 

.08 

8.20 

.0028 

.0056 

.45 

.0240 

•0001 

.15 

3.1 

.0180 

28663 

Sept.  19 

V.  slight. 

V.  slight. 

.10 

8.90 

.0008 

.0064 

.50 

.0340 

.0000 

.08 

3.3 

.0100 

29031 

Oct.    16 

V.  Blight. 

None. 

.04 

8.30 

.0006 

.0040 

.54 

.0350 

.0000 

.11 

3.5 

.0050 

29385 

Nov.  14 

Blight. 

Blight. 

.11 

8.10 

.0042 

.0064 

.44 

.0160 

.0001 

.15 

3.3 

.0210 

29728 

Dec.  20 

V.  slight. 

V.  slight. 

.04 

8.80 

.0044 

.0048 

.48 

.0160 

.0001 

.11 

3.5 

.0290 

1894 

.02 

7.33 

.0003 

.0014 

.55 

.0549 

.0002 

.02 

2.8 

.0078 

_ 

1895 

_ 

_ 

.02 

9.22 

.0001 

.0024 

.56 

.0323 

.0002 

.05 

3.8 

.0119 

_ 

1896 

_ 

_ 

.02 

8.37 

.0002 

.0035 

.53 

.0507 

.0000 

.09 

3.8 

.0068 

_ 

1897 

_ 

- 

.02 

8.71 

.0008 

.0035 

.55 

.0378 

.0001 

.08 

3.7 

.0041 

_ 

1898 

_ 

_ 

.06 

9.02 

.0002 

.0038 

.56 

.0392 

.0000 

.10 

3.9 

.0056 

- 

1899* 

~ 

~ 

.08 

8.55 

.0020 

.0045 

.47 

.0248 

.0000 

.12 

3.4 

.0139 

Note  to  analyses  of  1899:  Odor,  none. No.  27534  was  collected  from  a  faucet  at  the  pumping 

fltation,  and  the  others  from  the  wells  which  are  locally  known  as  the  "  Cook"  wells. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 


Chemical  Examination  of  Water  from  Tubular  Wells  in  the  Valley  of  River  Meadow 
Brook,  a  Short  Distance  above  the  Old  Middlesex  Canal  in  Chelmsford. 

[Parts  per  100,000.] 


§ 

Appearance. 

Ammonia. 

Nitrogen 

■a 

1 

'S 

S 

3 

a 

S 

a 

is 
s 

3 

a 

a 

■a 

c 

o 

o 

°  a 
3  > 

s 

6 

o 

a 

< 

.S 
_o 

6 

1 
1 

1 

o 

a) 

B 

1 

1899. 

26220 

Feb.  14 

V.  slight. 

V.  slight. 

.29 

8.60 

.0090 

.0066 

.36 

.0070 

.0001 

.26 

3.4 

.0480 

27834 

July  19 

Slight. 

Slight. 

.12 

9.20 

.0026 

.0068 

.42 

.0220 

.0001 

.19 

3.3 

.0280 

28217 

Aug.  15 

V.  Blight. 

None. 

.16 

8.40 

.0072 

.0042 

.36 

.0070 

.0000 

.17 

3.1 

.0410 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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•  LOWELL. 

Chemical  Examination  of  Water  from  Tubular  Wells  in  the  Valley  of  River  Meadow 
Brook,  a  Short  Distajice  above  the  Old  Middlesex  Canal  in  Chelmsford  —  Con- 
cluded. 

Averages  by  Tears. 

[Parts  per  100,000.] 


a 

Appearance. 

a 

Ammonia. 

NiTKOGEN 
AS 

1 

53 

^ 

b 

1 

2 

o 

a 

J 

^ 

a 

» 

^ 
^ 

o 

2W 

i 

^a 

o 

2 

t-* 

^ 

"S 

a 

^ 

Q 

H 

M 

O 

M 

f^ 

<i 

o 

!2i 

^ 

o 

K 

M 

1895 

.12 

9.42 

.0020 

.0017 

.31 

.0073 

.0000 

.05 

3.9 

.0673 

_ 

1896 

_ 

_ 

.10 

11.50 

.0064 

.0047 

.32 

.0071 

.0001 

.13 

5.0 

.0697 

_ 

1897 

_ 

_ 

.20 

10.35 

.0080 

.0058 

.35 

.0053 

.0000 

.16 

4.8 

.0488 

_ 

1898 

_ 

_ 

.28 

8.79 

.0089 

.0073 

.36 

.0049 

.0001 

.25 

3.6 

.0429 

- 

1899 

- 

- 

.19 

8.73 

.0063 

.0059 

.38 

.0120 

.0001 

.21 

3.3 

.0390 

Note  to  analyses  of  1899:  Odor,  none.- 
locally  known  as  the  "Hydraulic"  wells. 


•  The  samples  were  collected  from  the  wells  which  are 


Chemical  Examination  of  Water  from  Tubular  Wells  in  the  Valley  of  the  Merri- 
mack  River  near  the  Pawtucket  Boulevard. 

[Parts  per  100,000.] 


1 
o 

O 

Appearance. 

c 
.2 
a 

§1 
a>  a 

Ammonia. 

o 

6 

Nitrogen 

AS 

a 

3 

a 
■a 
a 

a 

1 

S5 

•3 
1 

s 

a 

o 
O 

o 

a 

is 
< 

1 

a 
2 

1— ( 

1899. 

25962 

Jan.   17 

V.  slight. 

V.  slight. 

.12 

4.80 

.0076 

.0028 

.26 

.0190 

.0000 

.06 

2.0 

.0380 

26218 

Feb.  14 

Slight. 

Slight. 

.17 

4.70 

.0106 

.0024 

.26 

.0160 

.0001 

.08 

2.0 

.0400 

26472 

Mar.  14 

None. 

V.  slight. 

.18 

4.80 

.0094 

.0024 

.28 

.0180 

.0001 

.06 

1.7 

.0550 

26721 

Apr.  11 

V.  slight. 

Slight. 

.20 

4.50 

.0104 

.0026 

.27 

.0280 

.0000 

.06 

1.7 

.0300 

27111 

May  16 

Blight, 
milky. 

Slight. 

.11 

4.90 

.0162 

.0026 

.28 

.0390 

.0001 

.08 

1.8 

.0680 

27496 

June  20 

V.  slight. 

V.  slight. 

.16 

4.40 

.0094 

.0032 

.26 

.0180 

.0001 

.07 

1.3 

.0200 

27530 

June  21 

V.  slight, 

milky. 

V.  slight. 

V.  slight. 

.11 

4.50 

.0088 

.0030 

.24 

.0230 

.0001 

.10 

1.4 

.0300 

27584 

June  26 

V.  slight. 

.12 

5.00 

.0104 

.0036 

.28 

.0120 

.0001 

.10 

1.4 

.0200 

27833 

July  19 

Slight. 

V.  slight. 

.11 

4.40 

.0104 

.0040 

.26 

.0180 

.0002 

.10 

1.3 

.0200 

28216 

Aug.  15 

Slight. 

Blight. 

.12 

4.00 

.0094 

.0038 

.25 

.0200 

.0002 

.14 

1.3 

.0450 

28662 

Sept.  19 

Blight. 

V.  slight. 

.16 

4.60 

.0108 

.0058 

.29 

.0170 

.0002 

.09 

1.7 

.0200 

29030 

Oct.   16 

Blight, 

milky. 
V.  slight. 

Blight. 

.12 

4.50 

.0092 

.0028 

.31 

.0220 

.0001 

.09 

1.7 

.0400 

29384 

Nov.  14 

V.  slight. 

.09 

4.50 

.0100 

.0050 

.31 

.0150 

.0001 

.08 

1.7 

.0370 

29727 

Dec.  20 

V.  slight. 

V.  slight. 

.07 

4.40 

.0100 

.0030 

.31 

.0140 

.0000 

.08 

1.8 

.0490 

Averages  by  Tears. 


1897 
1898 
1899* 


.01 

4.36 

.0044 

.0019 

.30 

.0452 

.0001 

.04 

1.8 

_ 

.09 

4.55 

.0096 

.0032 

.24 

.0255 

.0001 

.05 

1.8 

_ 

.13 

4.43 

.0105 

.0030 

.27 

.0247 

.0000 

.08 

1.9 

- 

.13 

4.56 

.0103 

.0034 

.28 

.0203 

.0001 

.08 

1.7 

.0098 
.0222 
.0310 
0388 


Note  to  analyses  of  1899  :  Odor,  none. No.  27530  was  collected  from  a  faucet  at  the  pumping 

station  and  the  others  from  the  wells  which  are  locally  known  as  the  "  Boulevard  "  wells. 

*  "Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
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liOWELL.  ■ 

Chemical  Examination  of  Water  from  Pumping  Station  Number  1  of  the  Lowell 

Water  Works. 

[Parts  per  100,000.] 


1 

Appearance. 

o 

Ammonia. 

NITKOGKN 

AS 

s 

a 

3 

r 

a 
a 

a 
1 

o 

§1 

(O  OS 

s  > 
2H 

o 

•6 
o 

1 

2 

1 

>-< 

QD 

s 

u 

a 
g 

"A 

Q 

H 

OB 

O 

a 

Cc 

< 

o 

Zi 

"A 

o 

K 

1899. 

25964 

Jan.  17 

V.  Blight. 

V.  slight. 

.06 

4.90 

.0070 

.0022 

.33 

.0710 

.0000 

.05 

2.3 

.0100 

26474 

Mar.  14 

V.  slight. 

V.  Blight. 

.11 

6.00 

.0074 

.0016 

.30 

.0290 

.0001 

.04 

2.2 

.0380 

26719 

Apr.  11 

V.  slight. 

V.  slight. 

.10 

4.80 

.0078 

.0030 

.31 

.0590 

.0000 

.07 

2.0 

.0220 

27113 

May   16 

Slight. 

Slight. 

.22 

6.00 

.0130 

.0028 

.30 

.0420 

.0001 

.07 

2.0 

.0400 

27498 

June  20 

V.  slight. 

V.  Blight. 

.11 

4.70 

.0070 

.0034 

.24 

.0330 

.0001 

.08 

2.0 

.0100 

27531 

June  21 

Slight, 
milky. 

V.  slight. 

.10 

4.30 

.0060 

.0034 

.26 

.0140 

.0001 

.09 

1.4 

.0280 

27844 

July  20 

Slight, 
milky. 

Slight. 

.14 

4.60 

.0080 

.0054 

.28 

.0220 

.0001 

.12 

1.3 

.0300 

28218 

Aug.  15 

V.  slight. 

V.  slight. 

.11 

4.40 

.0074 

.0038 

.26 

.0140 

.0003 

.14 

1.4 

.0380 

28664 

Sept.  19 

Slight. 

Cons. 

.20 

4.40 

.0070 

.0050 

.29 

.0230 

.0003 

.10 

1.7 

.0180 

29032 

Oct.   16 

Slight, 
milky. 

Slight. 

.08 

4.50 

.0068 

.0040 

.32 

.0200 

.0002 

.09 

1.7 

.0460 

29386 

Nov.  14 

Slight. 

Slight. 

.13 

4.40 

.0070 

.0044 

.31 

.0200 

.0001 

.09 

1.7 

.0180 

29729 

Dec.  20 

V.  slight. 

V.  slight. 

.10 

4.40 

.0066 

.0036 

.32 

.0200 

.0001 

.07 

1.8 

.0200 

Av.*. 

.12 

4.81 

.0077 

.0036 

.30 

.0312 

.0001 

.08 

1.8 

.0272 

Odor,  none.    A  faintly  unpleasant  odor  was  developed  in  the  first  sample  on  heating. The  sam- 
ples were  collected  from  a  tap  at  the  pumping  station,  and  represent  water  from  the  Boulevard  wells. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 


Chemical  Examination  of  Water  from  Faucets  supplied  from  the  Lowell  Water 

Works. 

[Parts  per  100,000.] 


o 

33 

1 

o 

a 

Q 

Appearance. 

c 
o 

i! 

3  > 

Ammonia. 

a 
1 
o 

Nitrogen 

AS 

•a 
tt) 

a 

3 

c 

o 

c 

1 

3 

3 
"3 
s 

1 

c 

o 
o 

2 

a 

is 
< 

1 

J-l 

g 

27532 

27533 

27535 
27536 

27537 

27586 

27587 

28480 
28481 
28482 
28483 
28484 

1899. 

June  21 

June  21 

June  21 
June  21 

June  21 

June  26 

June  26 

Sept.  5 
Sept.  6 
Sept.   5 
Sept.   5 
Sept.   5 

V.  slight, 

milky. 
V.  slight, 

milky. 
None. 
V.  slight, 

milky. 
V.  slight, 

milky. 
Slight, 

milky. 
Slight, 

milky. 
V.  slight. 
Slight. 
None. 
None. 
None. 

V.  slight. 

V.  slight. 

None. 
V.  slight. 

V.  Blight. 

V.  slight. 

V.  slight. 

Cons. 
V.  slight. 
None. 
None. 
None. 

.08 

.10 

.02 
.10 

.08 

.13 

.08 

.08 
.05 
.06 
.07 
.10 

5.80 

5.50 

7.90 
4.00 

9.00 

4.00 

4.00 

5.20 
4.40 
9.20 
8.50 
4.70 

.0034 

.0018 

.0000 
.0034 

.0004 

.0014 

.0002 

.0004 
.0010 
.0000 
.0000 
.0016 

.0034 

.0040 

.0034 
.0038 

.0040 

.0026 

.0042 

.0092 
.0070 
.0036 
.0042 
.0048 

.27 

.27 

.43 

.27 

.44 

.26 

.26 

.26 
.29 
.49 
.50 
.32 

.0290 

.0200 

.0120 
.0280 

.0120 

.0290 

.0170 

.0190 
.0190 
.0250 
.0230 
.0150 

.0001 
.0001 
.0000 

.0000 

.0000 

.0001 

.0000 

.0001 
.0001 
.0001 
.0001 
.0001 

.08 

.09 

.14 
.10 

.14 

.09 

.10 

.12 
.08 
.09 
.09 
.09 

1.4 

1.4 

3.3 
1.8 

3.1 

1.4 

1.4 

1.7 
1.7 
3.1 
3.1 
1.4 

.0150 

.0230 

.0020 
.0280 

.0100 

.0500 

.0160 

.0780 
.0730 
.0020 
.0090 
.0100 

Odor,  none. The  samples  were  collected  from  faucets  in  various  parts  of  the  city. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


235 


Chemical  Examination  of  Water  from  Beaver  Brook  and  its 

[Parts  per  100,000.] 


LOWELL,. 

Tributaries. 


Odor  of  No.  29501,  distinctly  earthy;  of  the  others,  faintly  vegetable,  becoming  distinctly  vegetable 

on  heating. The  first  sample  vyas  collected  from  Beaver  Brook,  just  below  the  village  of  Derry, 

N.  H.;  the  second,  from  the  brook,  just  below  the  village  of  Felham,  N.  H.;  the  third,  from  a  point 
just  above  the  village  of  CoUinsville,  in  Dracut;  the  fourth,  from  Corbett's  Pond,  one  of  the  tributaries 
of  Beaver  Brook;  the  last,  from  a  brook  flowing  from  Gumpus  Pond,  at  a  point  about  2  miles  below  the 
outlet  of  the  pond. 


Chemical  Examination  of  Water  from  Forge  Pond  and  Other  Tributaries  of 

Brook. 

[Parts  per  100,000.] 


Stony 


c 
o 

o 

Appearance. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

o 

Nitrogen 

AS 

■6 

i 

c 
o 

o 

c 

be 

1 

S 

3 

1 
■a 

o 

o 
H 

d 
o 

r 

albuminoid. 

2 

1 

2 

a 

"3 
1 

•a 
Q 

•a 

■a 

1  a 

a  a. 

S 

a) 

a 

•s 

29541 

1899. 

Nov.  29 

V.  slight. 

V.  slight 

.53 

6.65 

2.10 

.0006 

.0210 

.0192 

.0018 

.38 

.0060 

.0001 

.69 

2.3 

29543 

Nov.  29 

V.  slight. 

Slight. 

.20 

4.25 

1.80 

.0012 

.0178 

.0168 

.0010 

.24 

.0010 

.0001 

.43 

1.7 

29544 

Nov.  29 

V.  slight. 

V.  slight. 

.03 

2.60 

1.15 

.0002 

.0174 

.0162 

.0012 

.16 

.0010 

.0000 

.23 

1.0 

29542 

Nov.  29 

Slight. 

Cons. 

.18 

2.35 

0.95 

.0000 

.0190 

.0144 

.0046 

.17 

.0010 

.0001 

.36 

0.5 

Odor  of  the  first  sample,  faintly  vegetable,  becoming  distinctly  vegetable  on  heating;  of  the  others, 

none,  becoming  very  faintly  vegetable  on  heating. The  samples  were  collected  from  tributaries  of 

Stony  Brook,  as  follows  :  the  first,  from  Beaver  Brook,  in  Westford,  a  short  distance  above  Forge  Pond ; 
the  second,  from  Forge  Pond,  at  its  outlet;  the  third,  from  Long-sought-for  Pond;  the  last,  from  Nab- 
nasset  Pond. 


The  advice  of  the  State  Board  of  Health  to  the  Lowell  Bleachery 
and  Dye  Works,  with  reference  to  the  use  of  water  of  the  Concord 
River  after  filtration  through  mechanical  filters  for  drinking  pur- 


236 


STATE   BOARD   OF   HEALTH.         [Pub.  Doc. 


28  and  29  of  this  volume.     The 


liOTVELX,. 

poses,  may  be  found  on  pages 

results  of  analyses  of  samples  of  water  before  and  after  filtration 

are  given  in  the  following  table  :  — 


Chemical  Examination  of  Water  before  and  after  passing  through  the  Mechanical 
Filters  at  the  Lowell  Bleachery  and  Dye  Works. 

[Parts  per  100,000.] 


c 

Al'PEARANCB. 

c 

Ammonia. 

NiTKOGKN 

■o 

s 

1 

3 

T 

■3 
S 

1 
•3 

c 

o 

§1 
2  W 

2 

•6 
o 

c 

d 

43 

1 

c 
CO 

a 
I 

§ 

'A 

Q 

Eh 

00 

O 

« 

b* 

< 

U 

JZi 

!Zi 

o 

» 

HH 

1899. 

27291 

May  31 

V,  slight. 

Blight. 

.56 

6.00 

.0096 

.0266 

.33 

.0080 

.0001 

.60 

1.3 

- 

27292 

May   31 

V.  slight. 

Slight. 

.03 

4.90 

.0088 

.0154 

.36 

.0060 

.0001 

.13 

1.3 

.0080 

27293 

May  31 

None. 

None. 

.02 

5.00 

.0074 

.0086 

.39 

.0080 

.0001 

.15 

1.3 

.0010 

27294 

May  31 

None. 

None. 

.02 

6.20 

.0076 

.0088 

.39 

.0080 

.0001 

.16 

1.4 

.0020 

Odor  of  the  first  two  samples,  faintly  vegetable;  of  the  last  two,  faintly  musty  or  earthy. The 

first  sample  represents  unfiltered  water;  the  second,  water  which  has  received  alum  and  has  passed 
through  the  settling  tank ;  the  last  two  represent  water  which  has  passed  through  the  filters. 


^Vater  Supply  of  Ludlow. 

(See  Springfield.) 


Watee  Supply  of  Lynn  and  Saugus. 
Chemical  Examination  of  Water  from  Breed''s  Pond,  Lynn. 

[Parts  per  100,000,] 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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LYJNTN  AND  SAUGUS. 
Chemical  Examination  of  Water  from,  BreecVs  Pond,  Lynn —  Concluded. 

Averages  by  Years. 

[Parts  per  100,000.] 


C 
O 

1 

o 
O 

o 
a 

a 

Appbabance. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

6 
a 

0 
2 
0 

Nitrogen 

AS 

-d 

a 

i 

0 
a 

1 

0 

■3 

Eh 

1 

■3 
Si 

o 

o 

■3 
0 

H 

c 
0 

£ 

ALBUMINOID. 

'^ 

g 

1 

0 

■d 
S 

■d 

■0 
,  c 

a 
■a 

K 

1888 

.48 

3.71 

1.42 

.0029 

.0227 

.45 

.0053 

.0001 

- 

1889 

_ 

_ 

.45 

3.09 

1.02 

.0007 

.0208 

.0165 

.0043 

.41 

.0035 

.0001 

_ 

_ 

_ 

1890 

_ 

_ 

.42 

3.62 

1.51 

.0014 

.0196 

.0155 

.0041 

.41 

.0052 

.0001 

_ 

1.1 

- 

1891 

_ 

_ 

.35 

3.35 

1.37 

.0009 

.0156 

.0131 

.0025 

.40 

.0080 

.0001 

. 

0.8 

- 

1892 

- 

_ 

.43 

3.65 

1.38 

.0004 

.0220 

.0177 

.0043 

.49 

.0055 

.0000 

- 

1.0 

_ 

1893 

_ 

_ 

.65 

3.61 

1.41 

.0039 

.0214 

.0181 

.0033 

.55 

.0054 

.0001 

.51 

1.1 

_ 

1894 

_ 

_ 

.65 

3.77 

1.47 

.0023 

.0225 

.0191 

.0034 

.58 

.0032 

.0000 

.53 

0.9 

_ 

1895 

_ 

_ 

.48 

3.75 

1.48 

.0016 

.0199 

.0171 

.0028 

.58 

.0036 

.0001 

.50 

0.9 

- 

1896 

- 

- 

.39 

3.57 

1.36 

.0023 

.0181 

.0152 

.0029 

.52 

.0019 

.0001 

.47 

0.7 

- 

1897 

- 

- 

.43 

4.18 

1.45 

.0025 

.0204 

.0170 

.0034 

.58 

.0036 

.0000 

.47 

1.0 

_ 

1898 

- 

- 

.46 

3.48 

1.54 

.0022 

.0198 

.0172 

.0026 

.49 

.0012 

.0001 

.53 

0.8 

- 

1899 

- 

- 

.30 

3.30 

1.39 

.0037 

.0239 

.0207 

.0032 

.43 

.0026 

.0000 

.47 

0.7 

Note  to  analyses  of  1899:  Odor,  in  May,  faintly  fishy  and  oily,  becoming  stronger  on  heating;  at 
other  times,  vegetable. 


Microscopical  Examination  of  Water  from  Breed'' s  Pond,  Lynn. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


July. 


Aug. 


Sept. 


Day  of  examination,  . 
Number  of  sample,    . 

PLANTS. 

Diatomacese, 

Asterionella, 
Tabellaria,    . 

CyanopliyceSB,  Anabsena, 

Algae,       .... 

ANIMALS. 

Infusoria, 

Dinobryon,  . 
Raphidomonas,    . 
Uroglena, 

Vermes,  .... 
Anurea, 

Crustacea,    . 

Bosmlna, 
Cyclops, 
Daphnia, 

Miscellaneous,  Zoogloea,  . 
Total,  .... 


11 

25904 


12 
26722 


10 
27040 


15 
27433 


13       9 
27733I28O87 


13 
28565^ 


12 
28957 


13 
29626 


275 

216 
44 

3 

5 


216 

134 

22 

0 
14 


154 

108 
12 

176 

78 


266 

30 
210 

6 

22 


22 


pr. 


14 

2 

4 

0 

10 

0 

0 

0 

12 

6 

12 

4 

pr. 

0 

0 

0 

pr. 

0 

0 

0 

5 

10 

455 

312 

37 

36 
0 
0 

0 
0 

pr. 

0 

pr. 


18 


230 
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LYNN  AND  SAUGUS. 

Chemical  Examination  of  Water 

[Parts  per  100, 


from  Birch  Pond,  Lynn. 

000.] 


I 

Appeabance. 

Kesidde  on 

EVAPOBA- 
TION. 

Ammonia. 

a 
1 
o 

.53 

NiTEOGBN 

AS 

1 

3 

n 

a 

i 

s 

1 

u 

o 

o 
H 

o 

§1 
1 

ALBUMINOID. 

1 
g 

L4 

^ 

"3 

> 
o 

s 

■a 
1  s 

3  O. 
CO 

c 

1 

25940 

1899. 

Jan.  12 

V.  Blight. 

V.  Slight. 

.10 

3.90 

1.75 

.0020 

.0164 

.0134 

.0030 

.0010 

.0002 

.31 

1.1 

26169 

Feb.  6 

V.  Blight. 

V.  slight. 

.11 

3.45 

1.45 

.0022 

.0148 

.0112 

.0036 

.46 

.0010 

.0000 

.30 

1.4 

26396 

Mar.  7 

V.  Blight. 

V.  Blight. 

.11 

2.50 

0.90 

.0112 

.0152 

.0120 

.0032 

.38 

.0020 

.0002 

.25 

0.6 

26723 

Apr.  10 

Slight. 

V.  slight. 

.14 

3.45 

1.60 

.0056 

.0186 

.0166 

.0020 

.42 

.0020 

.0002 

.29 

0.5 

27039 

May  8 

Slight. 

V.  slight. 

.11 

2.75 

1.15 

.0006 

.0164 

.0150 

.0014 

.41 

.0010 

.0001 

.23 

0.8 

27432 

.Tune  13 

V.  slight. 

Slight. 

.09 

2.85 

1.15 

.0016 

.0166 

.0142 

.0024 

.44 

.0080 

.0000 

.30 

0.6 

27732 

July  11 

Slight. 

Slight. 

.12 

3.10 

0.90 

.0016 

.0210 

.0186 

.0024 

.40 

.0020 

.0000 

.38 

0.6 

28086 

Aug.  8 

V.  slight. 

V.  slight. 

.16 

3.30 

0.65 

.0014 

.0220 

.0180 

.0040 

.49 

.0020 

.0000 

.34 

1.1 

28561 

Sept.  11 

V.  slight. 

Slight. 

.26 

4.05 

2.05 

.0024 

.0256 

.0214 

.0042 

.45 

.0050 

.0000 

.34 

1.0 

28956 

Oct.  10 

Slight. 

V.  slight. 

.33 

3.25 

1.50 

.0060 

.0340 

.0294 

.0046 

.46 

.0010 

.0001 

.50 

0.6 

29287 

Nov.  7 

Slight. 

Slight. 

.37 

3.35 

1.25 

.0050 

.0292 

.0266 

.0026 

.46 

.0060 

.0001 

.39 

0.6 

29625 

Dec.  12 

Slight. 

Slight. 

.58 

6.65 

2.60 

.0036 

.0408 

.0364 

.0044 

.57 

.0090 

.0000 

.76 

2.9 

Averages  by  Years, 


1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


.33 

3.48 

1.40 

.0026 

.0287 

- 

- 

.45 

.0082 

.0001 

- 

.23 

2.96 

1.14 

.0014 

.0241 

.0190 

.0051 

.41 

.0048 

.0001 

- 

.36 

3.57 

1.35 

.0013 

.0227 

.0179 

.0048 

.42 

.0088 

.0001 

- 

.42 

3.26 

1.30 

.0005 

.0241 

.0183 

.0068 

.40 

.0065 

.0001 

- 

.48 

3.73 

1.56 

.0016 

.0299 

.0227 

.0072 

.47 

.0092 

.0001 

- 

.75 

4.21 

1.63 

.0052 

.0299 

.0218 

.0081 

.51 

.0059 

.0001 

.53 

.75 

4.47 

1.88 

.0053 

.0292 

.0242 

.0050 

.57 

.0076 

.0001 

.63 

.60 

5.05 

2.12 

.0031 

.0294 

.0222 

.0072 

.70 

.0063 

.0001 

.62 

.45 

4.22 

1.65 

.0018 

.0243 

.0208 

.0035 

.58 

.0047 

.0001 

.55 

.50 

4.79 

1.86 

.0029 

.0268 

.0229 

.0039 

.65 

.0061 

.0001 

.52 

.28 

3.50 

1.42 

.0017 

.0207 

.0173 

.0034' 

.55 

.0040 

.0000 

.34 

.21 

3.55 

1.41 

.0036 

.0225 

.0194 

.0031 

.46 

.0033 

.0001 

.36 

Note  to  analyses  of  1899 :  Odor,  vegetable  and  occasionally  grassy. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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liYNN  AND  SATJGUS, 

Microscopical  Examination  of  Water  from  Birch  Pond,  Lynn, 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


July. 


Aug. 


Sept. 


Dec. 


Day  of  examination, 
Number  of  sample, 


14 
25940 


26396 


12 
26723 


10 
27039 


15 

27432 


13 

27732 


13 

28564 


12 
28956 


9 

29287 


12 

29625 


PLANTS. 

DiatomaceEe, 

Asterionella, 
Cyclotella,    . 
Stephanodiscus,  . 
Synedra, 
Tabellaria,    .        . 

CyanophycesB,    . 

Anabsena, 
Merismopoedia,    . 

Algse, 

ANIMALS. 
Khizopoda,    . 

Infusoria, 

Dinobryon,  . 
Mallomonas, 
Peridinium,  . 
Uroglena, 

Vermes,  . 

Crustacea,    . 

Cyclops,        .       , 
Daphnia, 

Miscellaneous,  Zoogloea, 

Total,  . 


234 

18 
210 
0 
3 
2 


84 


382 


164 


42 


105 

10 
4 
0 

74 
16 


38 


pr. 


0 

0 

1 

pr. 


pr. 
0 


157 


267 


157 


149 


240 


STATE   BOAED    OF   HEALTH.         [Pub.  Doc. 


liYIinsr  AISTD  SAUGUS. 

Chemical  Examination  of  Water  from  Walden  Pond,  Lynn. 

[Parts  per  100,000.] 


'■ 

d 
o 

1 

a 

o 
« 

OS 

P 

Appearance. 

Residde  on 

EVAPOKA- 
TION. 

Ammonia. 

1 
S 

NiTKOGEN 
AS 

•6 

§ 

3 

s 

o 

o 

a 

§> 

o 

s 
E-i 

1 

o 
o 
O 

3 

6 

AXBUWINOID. 

1 
2 

1 

1 

"3 
1 

i 
s 

1  B 
,3  O. 

03 

■o 

33 

25908 

1899. 

Jan.  10 

V.  slight. 

Slight. 

0.60 

3.70 

2.20 

.0006 

.0222 

.0188 

.0034 

.36 

.0010 

.0000 

.75 

0.6 

26174 

Feb.  6 

Slight. 

Slight. 

0.44 

3.50 

1.70 

.0014 

.0206 

.0164 

.0042 

.38 

.0010 

.0001 

.58 

1.0 

26401 

Mar.  7 

Slight. 

V.  slight. 

0.40 

2.90 

1.25 

.0136 

.0174 

.0146 

.0028 

.32' 

.0020 

.0002 

.59 

0.3 

26727 

Apr.  10 

V.  slight. 

Slight. 

0.43 

2.60 

0.90 

.0012 

.0212 

.0166 

.0046 

.30 

.0030 

.0001 

.54 

0.6 

27044 

May  8 

V.  slight. 

V.  slight. 

0.22 

2.75 

1.00 

.0010 

.0218 

.0164 

.0054 

.29 

.0010 

.0000 

.35 

0.2 

27437 

June  13 

Slight. 

Cons. 

0.26 

2.75 

1.10 

.0036 

.0292 

.0210 

.0082 

.33 

.0010 

.0000 

.45 

0.6 

27737 

July  11 

Slight. 

Cons. 

0.35 

2.70 

1.40 

.0064 

.0296 

.0224 

.0072 

.34 

.0020 

.0000 

.55 

0.5 

28091 

Aug.  8 

Slight. 

Slight. 

0.44 

3.15 

1.50 

.0004 

.0352 

.0244 

.0108 

.37 

.0020 

.0000 

.60 

0.5 

28569 

Sept.  11 

Decided. 

Cons., 

earthy. 
Slight. 

0.49 

3.55 

2.00 

.0048 

.0544 

.0380 

.0164 

.38 

.0040 

.0000 

.68 

0.5 

28961 

Oct.-  10 

Decided. 

0.53 

3.25 

2.10 

.0040 

.0440 

.0350 

.0090 

.33 

.0010 

.0000 

.76 

0.3 

29292 

Nov.  7 

Decided. 

Cons. 

0.95 

3.60 

1.95 

.0032 

.0604 

.0520 

.0084 

.34 

.0010 

.0000 

.84 

0.3 

29630 

Dec.  12 

Decided. 

Cons. 

0.86 

4.00 

1.90 

.0054 

.0484 

.0436 

.0048 

.38 

.0090 

.0000 

.75 

0.3 

Averages  by  Years. 


- 

1890 

- 

- 

1.06 

4.98 

2.53 

.0292 

.0432 

.0351 

.0081 

.34 

.0057 

.0001 

- 

1.1 

- 

1891 

- 

- 

1.21 

4.32 

2.20 

.0058 

.0615 

.0403 

.0212 

.34 

.0091 

.0001 

- 

0.7 

- 

1892 

- 

- 

0.90 

4.81 

2.50 

.0094 

.0626 

.0383 

.0243 

.41 

.0116 

.0001 

- 

0.6 

1893 

- 

- 

0.92 

4.33 

2.40 

.0066 

.0470 

.0309 

.0161 

.44 

.0047 

.0001 

.80 

0.7 

- 

1896 

- 

- 

0.68 

3.45 

1.57 

.0031 

.0296 

.0255 

.0041 

.40 

.0017 

.0000 

.76 

0.5 

- 

1897 

- 

- 

0.77 

4.03 

1.88 

.0040 

.0355 

.0282 

.0073 

.45 

.0044 

.0001 

.67 

0.8 

- 

1898 

- 

- 

0.63 

3.57 

1.81 

.0010 

.0298 

.0248 

.0050 

.39 

.0031 

.0000 

.66 

0.6 

- 

1899 

- 

- 

0.50 

3.20 

1.58 

.0038 

.0337 

.0266 

.0071 

.34 

.0023 

.0000 

.62 

0.5 

Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable  and  sometimes  unpleasant.    A  fishy 
odor  was  developed  in  the  January  and  September  samples  on  heating. 


No.  34.]     EXAMINATION  OF  WATEE  SUPPLIES. 
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XYNN  AND  SAUGTJS. 

Microscopical  Examination  of  Water  from  Walden  Pond,  Lynn. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.   Feb.   Mar.  Apr.   May.  June.  July.  Aug.  Sept.  Oct.    Nov.  Dec, 


Day  of  examination,  . 
Number  of  sample,    . 


H 
25908 


26174  26401 


12 

26727 


10 
27044 


15 

27437 


13 

27737 


13 

28569 


12 

28961 


13 
29630 


PLANTS. 
DiatomacesB, 

Asterionella,         . 
Cyclotella,    , 
Melosira, 
Synedra, 
Tabellaria,    . 

Cyanopliyce89,  . 

Algee, 

Protococcus, 

ANIMALS. 
Rhizopoda,    . 
Actinophrys, 

Infusoria, 

Ciliated  infusorian, 
Cryptomonas, 
Dinobryon,  . 
Euglena, 
Peridinium,  . 
Phacus, 
Trachelomonas,   . 

Vermes,  . 

Crustacea,    . 

Bosmina, 
Cyclops, 

Miscellaneous,  Zoogloea, 

Total,  . 


174 

20 
0 

28 


2,550 

10 

0 

60 

2,400 

80 


1,056 


106 
136 


223 

200 


2,212 

714 

22 

240 

1,150 

82 


150 
130 


266 


0 

132 

110 

16 


pr. 


pr. 


pr. 


pr. 

0 


pr. 


20 


15     25 


2,627 


842 


1,385 


2,391 


603     385 


77 
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IjYNN  and  SAUGT7S, 

Chemical  Examination  of  Water  from  Glen  Lewis  Pond, 

[Parts  per  100,000.] 


Lynn. 


a 
o 

o 
o 

Q 

Appearance. 

Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

c 
0 
0 

Nitrogen 

AS 

a 

3 

B 

0 

0 

1 

0 

•3 
a 

g 

a 

-3 

CO 

u 

_o 
c 

3 

o 

a 
o 

i| 

O 

ALBDMINOID.       | 

1 

1 

a 

a 
12! 

■3 

s 

■a 
> 
0 

s 

'6 

■a 
,  c 

s  p. 
as 

0 

03 

25905 

1899. 

Jan.  10 

V.  slight. 

Slight. 

.24 

3.50 

1.50 

.0002 

.0262 

.0172 

.0090 

.36 

.0010 

.0000 

.40 

0.5 

26171 

Feb.    6 

Blight. 

Blight. 

.23 

3.20 

1.60 

.0032 

.0210 

.0156 

.0054 

.31 

.0000 

.0000 

.36 

0.5 

26398 

Mar.    7 

V.  slight. 

Slight. 

.15 

2.70 

1.00 

.0114 

.0164 

.0114 

.0050 

.28 

.0010 

.0002 

.29 

0.2 

26724 

Apr.  10 

Blight. 

Slight. 

.30 

3.00 

1.40 

.0028 

.0302 

.0210 

.0092 

.29 

.0020 

.0001 

.33 

0.3 

27043 

May     8 

Slight. 

Slight. 

.21 

3.05 

1.20 

.0018 

.0300 

.0208 

.0092 

.27 

.0030 

.0000 

.29 

0.2 

27434 

June  13 

V.  slight. 

Cons. 

.30 

3.15 

1.50 

.0078 

.0316 

.0240 

.0076 

.34 

.0040 

.0000 

.52 

0.3 

27734 

July  11 

Decided. 

Heavy. 

.37 

3.85 

2.10 

.0008 

.0252 

.0164 

.0088 

.32 

.0010 

.0000 

.64 

0.5 

28088 

Aug.    8 

Decided. 

Slight. 

.33 

4.65 

2.40 

.0005 

.0760 

.0360 

.0400 

.37 

.0040 

.0000 

.57 

0.8 

28566 

Sept.  11 

Decided. 

Heavy. 

.18 

3.95 

2.20 

.0016 

.0807 

.0320 

.0487 

.35 

.0020 

.0000 

.47 

0.5 

28958 

Oct.   10 

Decided. 

Heavy. 

.28 

4.25 

2.25 

.0072 

.0620 

.0392 

.0228 

.37 

.0010 

.0000 

.59 

0.3 

29289 

Nov.    7 

Decided. 

Cons. 

.21 

4.05 

2,40 

.0040 

.0664 

.0556 

.0108 

.36 

.0010 

.0000 

.57 

0.5 

29629 

Dec.  12 

Slight. 

Blight. 

.13 

3.25 

1.85 

.0010 

.0344 

.0318 

.0026 

.31 

.0030 

.0000 

.44 

0.2 

Averages  by  Years. 


- 

1890 

- 

- 

.76 

4.84 

2.21 

.0412 

1 

.0445.0327 

1 

.0118 

.36 

.0063 

.0001 

- 

1.0 

- 

1891 

- 

- 

.63 

3.90 

1.75 

.0328 

.0484 

.0324 

.0160 

.34 

.0124 

.0002 

- 

0.6 

- 

1892 

- 

- 

.62 

3.95 

1.95 

.0127 

.0475 

.0332 

.0143 

.40 

.0193 

.0002 

- 

0.6 

- 

1893 

- 

- 

.64 

3.81 

2.14 

.0112 

.0729 

.0329 

.0400 

.42 

.0040 

.0002 

.60 

0.6 

- 

1894 

- 

- 

.85 

3.81 

1.89 

.0107 

.0495 

.0297 

.0198 

.44 

.0023 

.0001 

.69 

0.5 

- 

1895 

- 

- 

.42 

3.77 

1.65 

.0053 

.0381 

.0246 

.0135 

.50 

.0035 

.0001 

.54 

0.7 

- 

1896 

- 

- 

.36 

3.74 

1.91 

.0068 

.0567 

.0306 

.0261 

.43 

.0039 

.0001 

.47 

0.4 

- 

1897 

- 

- 

.42 

3.80 

2.20 

.0084 

.0460 

.0384 

.0076 

.49 

.0125 

.0003 

.58 

0.9 

- 

1898 

- 

- 

.40 

3.63 

1.73 

.0066 

.0393 

.0264 

.0129 

.40 

.0030 

.0000 

.46 

0.5 

- 

1899 

- 

- 

.24 

3.55 

1.78 

.0035 

.0417 

.0268 

.0149 

.33 

.0019 

.0000 

.46 

0.4 

Note  to  analyses  of  1899 :  Odor,  generally  vegetable  and  somelimes  unpleasant  or  mouldy. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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LYNX  AND  SAUGUS. 
Microscopical  Examination  of  Water  from  Olen  Lewis  Pond,  Lynn. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


June.  July. 


Aug, 


Sept. 


Day  of  examination, 
Number  of  sample, 


11 
25905 


26171 


12       10       15 

26724  27043  27434 


13 

27734 


9 

28088 


13 

28566 


12 

28958 


13 

29289  29629 


PLANTS. 
Diatomacese, 


Asterionella, 

Melosira, 

Bynedra, 


Cyanophycese, 


Anabaena, 
Clathrocystis, 
CoelosptiiBrium, 
Microcystis, 


Algae, 


Arthrodesmus, 
CoBlastrum,  . 
Protococcus, 
Raphidium,  . 
Scenedesmus, 
Staurastrum, 


135 


20 


396 

0 

0 
0 

1 

0 


368 

24 

340 

0 


368 

52 

312 

4 

0 


272 


0 
116 


144 

32 

100 

0 


932 

476 

436 

0 

20 


562 

0 

108 

80 

4 

12 
340 


456 

0 

456 
0 


492 

44 

428 

20 

0 


348 

28 
48 
64 
0 
20 
136 


308 

156 

140 

12 


152 

16 

136 

0 


1,028 


896 

28 


192 


758 

18 

0 

720 


ANIMALS. 
Infusoria, 


Cryptomonas, 
Dinobryon,  . 
Euglena, 
Mallomonas, 
Monas,  . 
Peridinium,  . 
Trachelomonas, 


Vermes, 


Crustacea, 

Cyclops, 
Daphnia, 


584 

36 
298 
0 
0 
0 
248 
2 


270 


3 

48 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

8 

2 

36 

0 

0 

0 

0 

0 

0 

0 

0 

3 

20 

475 

1,076 

206 

4 
0 
0 
0 
8 
4 
184 


pr, 


pr 


36 


29 

0 
4 
2 
0 
0 
23 
0 


Miscellaneous,  Zobgloea, 


Total, 


598 


36 


20 


418 


1,882  1,353 


24 


1,552   944 
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LXNlSr  AND  SAUGUS. 

Chemical  Examination  of  Water  from  Eawkes  Pond,  Lynyi. 

[Parts  per  100,000.] 


Kesiode  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

o 
O 

tion. 

a 

c 
0 

>. 

a 
o 

ALBUMINOID.       | 

■o 

•6 

S 

.a 

3 

o 

3) 

2 

3 

a 

u 
o 
o 

"3 
o 

o 

£ 

■3 

■  > 
0 

■a 
1  c 

a 
1 

g 

+J 

0 

1 

Iz; 

Q 

Eh 

03 

U 

H 

kj 

Eq 

H 

Q 

CO 

u 

;zi 

S 

0 

a 

189». 

25906 

Jan.  10 

V.  Blight. 

V.  slight. 

.50 

4.75 

2.15 

.0014 

.0224:. 0190 

.0034 

.43 

.00501.0001 

.70 

1.6 

26172 

Feb.     6 

Decided. 

Slight. 

.35 

3.75 

1.65 

.0040 

.0234  .0150  .0084 

.33 

.0010  .0001 

.53 

1.3 

26399 

Mar.    7 

Slight. 

Slight. 

.19 

2.75 

1.05 

.0080 

.0166  .0108  .0058 

.28 

.00301.0001 

.33 

0.3 

26725 

Apr.  10 

V.  slight. 

V.  slight. 

.28 

3.45 

1.70 

.0010 

.0174  .0150  .0024 

.30 

.0040|.0001 

.38 

1.1 

27041 

May     8 

V.  slight. 

Slight. 

.29 

3.25 

1.25 

.0012 

.0252. 0208  .0044 

.33 

.OO30I.OOOO 

.42 

1.0 

27435 

June  13 

Slight. 

Slight. 

.20 

3.00 

1.25 

.0026 

.0272. 0222  .0050 

.37 

.0040  .0000 

.43 

1.0 

27735 

July  11 

Decided. 

Cons. 

.11 

3.10 

1.30 

.0010 

.0196  .0166,. 0030 

.34 

.0020..  0000 

.43 

0.8 

28089 

Aug.    8 

V.  slight. 

Cons. 

.10 

3.50 

1.25 

.0004 

.0232  .0172  .0060 

.41 

.0030  .0000 

.39 

1.1 

28567 

Sept.  11 

Slight. 

V.  slight. 

.09 

3.25 

1.45 

.0036 

.0280  .0206  .0074 

.38 

.0070,. 0000 

.31 

0.6 

28959 

Oct.   10 

Slight. 

Slight. 

.14 

3.85 

1.75 

.0028 

.0304  .0278  .0026 

.44 

.0010. 0000 

.50 

1.1 

29290 

Nov.    7 

Decided. 

Cons. 

.42 

6.10 

2.40 

.0022 

.0412  .0366  .0046 

.M 

.0060  .0001 

.67 

2.3 

29627 

Dec.  12 

V.  slight. 

V.  slight. 

.65 

8.45 

3.50 

.0024 

.03  64  .0344  .0020 

!         1 

.63 

.0130-. 0000 

.88 

3.8 

Averages  by  Years. 


1897 
1898 
1899 


.54 

4.64 

1.85 

.0024 

.0242  .0204  .0038 

.53 

.0098 

.0001 

.59 

- 

.51 

4.02 

1.80 

.0016 

.0227  .0189  .0038 

.43 

.0044 

.0001 

.57 

- 

.28 

4.10 

1.72 

.0025 

.0259  .0213  .0046 

.39 

.0043 

.0000 

.50 

1.6 
1.2 
1.3 


Note  to  analyses  of  1899:    Odor,   generally  faintly  vegetable,  sometimes  unpleasant,  becoming 

stronger  in  some  of  the  samples,  and  occasionally  also  fishy,  on  heating. This  reservoir  receives, 

at  times,  water  from  the  Saugus  River,  which  is  diverted  near  Montrose. 


Microscopical  Examination  of  Water  from  Eawkes  Pond,  Lynn. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,  .... 

11 

8 

8 

12 

10 

15 

13 

9 

13 

12 

9 

13 

Number  of  sample 

25906 

26172 

26399 

26725 

27041 

27435 

27735 

28089 

28567 

28959 

29290 

29627 

PLANTS. 

Diatomacese 

0 

1 

0 

14 

96 

54 

40 

322 

56 

220 

152 

83 

Cyclotella, 

Synedra 

Tabellaria, 

0 
0 
0 

0 
1 
0 

0 
0 
0 

0 
5 

7 

0 

82 

6 

0 

48 

5 

-7 

30 

2 

144 
142 
10 

2 

54 

0 

6 
170 
16 

14 

86 
32 

0 
60 
22 

Cyanopliycese 

0 

0 

0 

0 

0 

4 

0 

16 

2 

2 

0 

0 

Sphaerozyga 

0 

0 

0 

0 

0 

0 

0 

14 

0 

0 

0 

0 

Algee, 

0 

4 

4 

0 

27 

0 

0 

56 

24 

18 

12 

0 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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liYNN  AND  SAUGTJS. 

Microscopical  Examination  of  Water  from  Hawkes  Pond,  Lynn  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.    Feb.    Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oct.    Nov.  Dec, 


ANIMALS. 
Rliizopoda,    . 

Infusoria, 

Ciliated  infusorian, 
Dinobryon,    . 
Euglena, 
Peridinium,  . 

Vermes,  . 

Crustacea,    . 

Bosmina, 
Cyclops, 

Miscellaneous,  Zoogloea, 

Total,  . 


323 

0 

77 

11 

234 


284 

0 

79 

0 

200 


pr. 


202 
0 

44 

0 

150 


5        5 


187 


351 


256       104 


Chemical  Examination  of  Water  from  the  Saugus  River  at  Montrose. 

[Parts  per  100,000.] 


o 

o 
O 

o 

1 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
S 

KiTEOGEN 
AS 

"d 

a 

3 
C 

8 

c 

1 

B 

s 

1 

■3 

o 
o 

o 

c 
o 

J 

1 

albuminoid. 

'S 

Xi 

s 

3 

t5 

o 

EH 

> 
o 

•d 

■a 

.  c 

03 

•a 
1 

1899. 

25909 

Jan.  10 

V.  Blight. 

V.  slight. 

.38 

4.50 

1.70 

.0036 

.0104 

.0094 

.0010 

0.43 

.0210 

.0000 

.46 

-2.0 

26175 

Feb.     6 

Slight. 

Slight. 

.45 

8.80 

3.30 

.0066 

.0210 

.0170 

.0040 

0.62 

.0200 

.0003 

.58 

3.8 

26402 
26728 

Mar.    7 
Apr.  10 

Decided. 
V.  slight. 

Cons., 

earthy. 
V.  slight. 

.42 
.51 

4.50 
4.60 

1.85 
1.85 

.0024 
.0010 

.0184 
.0236 

.0164 
.0212 

.0020 
.0024 

0.37 
0.44 

.0060 
.0130 

.0002 
.0002 

.56 
.69 

1.6 
1.7 

27045 

May     8 

V.  slight. 

V.  slight. 

.63 

5.95 

2.60 

.0020 

.0276 

.0254 

.0022 

0.56 

.0020 

.0000 

.78 

2.3 

27438 

June  13 

V.  slight. 

V.  Blight. 

.47 

8.20 

3.25 

.0076 

.0302 

.0264 

.0038 

0.59 

.0030 

.0002 

.65 

3.4 

27738 

July  11 

V.  slight. 

Slight. 

.50 

7.80 

2.45 

.0044 

.0262 

.0222 

.0040 

0.50 

.0020 

.0001 

.72 

3.9 

28092 

Aug.    8 

V.  slight. 

V.  slight. 

.45 

7.45 

2.80 

.0018 

.0246 

.0238 

.0008 

0.51 

.0010 

.0000 

.58 

4.0 

28570 

Sept.  11 

V.  Blight. 

Slight. 

.40 

8.25 

3.00 

.0060 

.0280 

.0228 

.0052 

0.58 

.0120 

.0000 

.45 

3.9 

28962 

Oct.   10 

Slight. 

Slight. 

.44 

11.00 

3.50 

.0076 

.0388 

.0352 

.0036 

1.35 

.0120 

.0009 

.75 

3.9 

29293 

Nov.    7 

V.  slight. 

V.  slight. 

.73 

8.60 

3.10 

.0060 

.0316 

.0280 

.0036 

0.61 

.0070 

.0002 

.88 

3.6 

29631 

Dec.  12 

Slight. 

Slight. 

.70 

7.95 

2.80 

.0046 

.0366 

.0332 
.0234 

.0034 

0.72 
0.61 

.0100 
.0091 

.0000 
.0002 

.92 
.67 

3.8 

Av... 

.51 

7.30 

2.67 

.0045 

.0264 

.0030 

3.2 

Odor,  generally  faintly  vegetable,  becoming  stronger,  and  sometimes  earthy  or  unpleasant,    on 
heating. 
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LTlSnsr  AND  SAUGTJS. 

Chemical  Examination  of  Water  from  the  Saugus  River  at  HowletVs  Dam,  Saugus. 

[Parts  per  100,000.] 


a 

o 
13 

Appearance. 

Residde  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

I 

i 

o 

03 
O 

is 

3 

1 
■S 

o 
o 
O 

1 

e 
o 

Ui 

ALBUMINOID. 

6 

c 

o 
la 

0.67 

1 

1 

o 

u 

a 

3 

o 
Eh 

•6 
> 
o 

(3 

•6 
•a 

1  c 

02 

S 

c 

■s 

w 

25907 

1899. 

Jan.   10 

V.  slight. 

V.  slight. 

0.60 

6.50 

2.75 

.0016 

.0214 

.0200 

.0014 

.0240 

.0003 

0.73 

2.7 

26173 

Feb.    6 

Slight. 

Slight. 

0.37 

7.40 

2.70 

.0112 

.0176 

.0140 

.0036 

0.67 

.0440 

.0004 

0.54 

3.5 

26400 

Mar.    7 

Decided. 

V.  slight. 

0.40 

4.40 

1.80 

.0040 

.0176 

.0166 

.0010 

0.41 

.0110 

.0003 

0.56 

1.3 

26726 

Apr.  10 

V.  slight. 

Slight. 

0.51 

4.65 

2.05 

.0020 

.0230 

.0208 

.0022 

0.49 

.0120 

.0001 

0.62 

1.6 

27042 

May     8 

Slight. 

Cons. 

0.72 

6.75 

3.00 

.0088 

.0346 

.0248 

.0098 

0.56 

.0110 

.0006 

0.82 

2.5 

27436 

June  13 

Slight. 

Cons. 

0.64 

7.35 

2.40 

.0034 

.0408 

.0348 

.0060 

0.90 

.0090 

.0000 

0.67 

3.5 

27736 

July  11 

Slight. 

Cons. 

0.32 

8.05 

2.20 

.0088 

.0396 

.0304 

.0092 

1.01 

.0030 

.0004 

0.60 

3.9 

28090 

Aug.    8 

Slight. 

Cons. 

0.75 

10.60 

2.15 

.0976 

.0292 

.0268 

.0024 

1.60 

.0120 

.0034 

0.48 

3.8 

28568 

Sept.  11 

Decided. 

Heavy, 

earthy. 
Cons. 

0.67 

13.45 

3.35 

.2600 

.0860 

.0325 

.0535 

2.63 

.0070 

.0036 

0.45 

4.0 

28960 

Oct.   10 

Decided. 

0.57 

8.30 

3.00 

.0068 

.0236 

.0214 

.0022 

0.61 

.0090 

.0004 

0.79 

4.3 

29291 

Nov.    7 

Decided. 

Cons. 

0.79 

12.20 

3.45 

.0192 

.0396 

.0332 

.0064 

1.68 

.0150 

.0038 

0.98 

3.9 

29628 

Dec.  12 

Slight. 

V.  slight. 

0.50 

11.40 

3.40 

.0274 

.0356 

.0322 

.0034 

1.93 

.0480 

.0005 

0.57 

4.0 

Averages  by  Tears. 


_ 

1894 

_ 

- 

1.16 

8.68 

3.36 

.0056 

.0310 

.0272 

.0038 

1.03 

.0112 

.0014 

0.95 

3.5 

- 

1895 

- 

- 

1.29 

8.33 

3.62 

.0064 

.0381 

.0349 

.0032 

0.94 

.0125 

.0003 

1.31 

3.1 

- 

1896 

- 

- 

0.94 

7.50 

2.92 

.0058 

.0343 

.0304 

.0039 

0.86 

.0163 

.0004 

0.93 

2.7 

. 

1897 

- 

- 

1.09 

7.74 

3.08 

.0050 

.0337 

.0317 

.0020 

0.84 

.0110 

.0002 

1.00 

8.1 

_ 

1898 

- 

- 

0.90 

7.41 

3.11 

.0043 

.0321 

.0295 

.0026 

0.84 

.0164 

.0002 

0.88 

2.8 

- 

1899 

- 

- 

0.57 

8.42 

2.69 

.0376 

.0340 

.0256 

.0084 

1.10 

.0171 

.0011 

0.65 

3.2 

Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  occasionally  musty  or  unpleasant,  be- 
coming stronger  on  heating. 
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LYNlSr  AND  SAUGUS. 

Chemical  Examination  of  Water  from  a  Faucet  in  Lynn  supplied  from  the  Lynn 

Water  Works. 

[Parts  per  100,000.] 


§ 

a 

o 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

B 

'u 
o 

Nitrogen 

AS 

a 

3 
o 

1 
5 

u 

o 

3 

a 
1 

albuminoid. 

I 

a 

jo 
S 

3 
EH 

§ 

1 

> 
o 

S 

■6 

•a 

1  o 

3  p. 

1 

25910 

1899. 

Jan.  10 

Blight. 

V.  slight. 

.40 

3.25 

1.60 

.0044 

.0172 

.0156 

.0016 

.43 

.0040 

.0000 

.50 

0.8 

26176 

Feb.  6 

V.  slight 

V.  slight. 

.40 

5.00 

1.80 

.0046 

.0148 

.0132 

.0016 

.45 

.0140 

.0001 

.54 

1.3 

26403 

Mar.  7 

V.  slight. 

V.  slight. 

.27 

3.65 

1.50 

.0060 

.0142 

.0132 

.0010 

.42 

.0050 

.0001 

.40 

0.6 

26729 

Apr.  10 

V.  Blight. 

V.  slight. 

.22 

3.05 

1.00 

.0022 

.0104 

.0096 

.0008 

.42 

.0080 

.0002 

.30 

0.6 

27046 

May  8 

V.  slight. 

V.  slight. 

.23 

2.75 

1.05 

.0002 

.0122 

.0110 

.0012 

.33 

.0050 

.0001 

.31 

0.3 

27439 

June  13 

Slight. 

V.  slight. 

.22 

2.60 

1.25 

.0006 

.0156 

.0136 

.0020 

.38 

.0110 

.0000 

.40 

0.6 

27739 

July  11 

Slight. 

Slight. 

.31 

2.80 

1.20 

.0032 

.0204 

.0180 

.0024 

.37 

.0030 

.0000 

.48 

0.5 

28093 

Aug.  8 

V.  slight. 

V.  slight. 

.30 

3.20 

1.25 

.0022 

.0192 

.0172 

.0020 

.38 

.0070 

.0000 

.45 

0.8 

28571 

Sept.  11 

Decided. 

Cons. 

.27 

3.15 

1.45 

.0020 

.0288 

.0178 

.0110 

.45 

.0100 

.0000 

.29 

0.5 

28963 

Oct.  10 

V.  slight. 

V.  slight. 

.13 

3.75 

1.50 

.0010 

.0184 

.0172 

.0012 

.42 

.0010 

.0001 

.39 

1.8 

29294 

Nov.  7 

V.  Blight. 

V.  slight. 

.29 

3.20 

1.35 

.0016 

.0190 

.0174 

.0016 

.45 

.0060 

.0000 

.35 

0.6 

29671 

Dec.  15 

V.  slight. 

V.  Blight. 

.52 

6.25 

2.45 

.0022 

.0268 

.0250 

.0018 

.57 

.0090 

.0001 

.67 

2.3 

Averages  by  Years. 


. 

1894 

- 

_ 

.76 

4.60 

1.95 

.0023 

.0216 

.0194 

.0022 

.57 

.0065 

.0001 

.62 

1.3 

- 

1895 

- 

- 

.78 

5.12 

2.14 

.0017 

.0225 

.0195 

.0030 

.65 

.0102 

.0001 

.84 

1.7 

- 

1896 

- 

- 

.54 

4.41 

1.79 

.0015 

.0217 

.0179 

.0038 

.51 

.0063 

.0001 

.58 

1.3 

- 

1897 

- 

- 

.53 

4.88 

1.75 

.0012 

.0206 

.0179 

.0027 

.59 

.0079 

.0001 

.51 

1.8 

- 

1898 

- 

- 

.45 

3.75 

1.55 

.0007 

.0173 

.0159 

.0014 

.46 

.0047 

.0000 

.46 

1.1 

- 

1899 

- 

- 

.30 

3.55 

1.45 

.0025 

.0181 

.0157 

.0024 

.42 

.0069 

.0001 

.42 

0.9 

Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable,  frequently  none.    An  unpleasant  odor 
was  developed  in  the  last  sample  on  heating. 
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LiXNN  AND  SAUGTJS. 

Microscopical  Examination  of  Water  from  a  Faucet  in  Lynn  supplied  from  the 

Lynn  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,  .        ,        .        . 

11 

8 

8 

12 

10 

15 

13 

9 

13 

12 

9 

16 

Number  of  sample 

25910 

26176 

26403 

26729 

27046 

27439 

27739 

28093 

28571 

28963 

29294 

29671 

PLANTS. 

Diatomaceee 

5 

14 

5 

4 

76 

184 

120 

43 

102 

84 

73 

66 

Asterionella 

Synedra, 

Tabellaria 

1 

0 

4 

4 

1 
9 

0 

1 

4 

1 
0 
2 

11 
13 

39 

51 
49 
57 

8 
94 
14 

10 

4 
13 

58 

0 

44 

4 
38 
32 

3 
0 

68 

3 
32 
16 

Cyanophycesa,   .      .      .      . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

30 

0 

0 

Anabsena 

Merismopcedia,    .... 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

14 

12 

0 
0 

0 

0 

Algse, 

0 

0 

0 

0 

0 

2 

0 

10 

0 

24 

3 

0 

Fungi,  Crenothrix 

0 

0 

0 

0 

10 

2 

0 

8 

18 

0 

0 

0 

ANIMALS. 

Bhizopoda,  Difflugia,  . 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

Infusoria 

6 

11 

2 

0 

40 

0 

4 

1 

12 

8 

0 

3 

Dinobryon, 

Peridinium, 

Traclielomonas,   .... 

0 
6 
0 

0 

11 

0 

0 

1 
1 

0 
0 
0 

33 
3 
1 

0 
0 
0 

2 
0 
2 

0 
0 
0 

2 

0 

10 

0 

8 
0 

0 
0 
0 

1 

0 

1 

Vermes, 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

Crustacea,  Cyclops,    . 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

Miscellaneous,  Zobglcea,    . 

3 

5 

5 

3 

5 

3 

5 

8 

20 

5 

0 

3 

Total, 

14 

31 

12 

7 

132 

191 

129 

70 

154 

151 

76 

72 

Water  Supply  of  Malden. 

(See  Metropolitan  Water  District.) 
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MANCHESTER. 


Water  Supply  of  Manchester. 


Chemical  Examination  of  Water  from  the  Large  Well  of  the  Manchester  Water 

Works. 

[Parts  per  100,000.] 


c 
o 

1 

Q 

Appeabance. 

c 
o 

% 

o| 

Ammonia. 

a 
■§ 

6 

Nitrogen 

AS 

•6 

a 

-a 

1 
a 

■3 
S 

3 

1 

CO 

o 

El, 

o 

a 

< 

1 

1 

i 

1899. 

27331 

June    6 

None. 

None. 

.00 

10.30 

.0000 

.0012 

1.81 

.1560 

.0000 

.03 

3.0 

.0020 

27776 

July  14 

None. 

None. 

.00 

10.40 

.0000 

.0010 

1.57 

.1840 

.0000 

.01 

3.1 

.0010 

28063 

Aug.    7 

None. 

None. 

.00 

9.70 

.0000 

.0008 

1.68 

.2160 

.0000 

.05 

3.1 

.0010 

28619 

Sept.  14 

None. 

None. 

.00 

10.50 

.0000 

.0010 

1.59 

.1560 

.0000 

.04 

3.0 

.0030 

28887 

Oct.     4 

None. 

None. 

.00 

11.00 

.0000 

.0006 

1.80 

.1560 

.0000 

.01 

3.4 

.0030 

Averages  by  Years. 


1892 

_ 

. 

.00 

9.38 

.0001 

.0003 

1.75 

.1214 

.0001 

3.4 

1893 

- 

- 

.00 

9.64 

.0000 

.0002 

1.69 

.0975 

.0000 

.04 

3.5 

1894 

- 

_ 

.00 

9.82 

.0000 

.0006 

1.82 

.0700 

.0000 

.01 

3.4 

1895 

_ 

_ 

.01 

9.87 

.0001 

.0005 

1.80 

.0737 

.0000 

.02 

3.3 

1896 

- 

- 

.00 

10.67 

.0003 

.0004 

1.94 

.0950 

.0000 

.01 

3.4 

1897 

- 

- 

.01 

11.00 

.0004 

.0014 

1.98 

.1045 

.0000 

.00 

3.9 

1898 

- 

- 

.01 

10.87 

.0002 

.0007 

1.91 

.1298 

.0000 

.01 

3.6 

1899 

- 

~ 

.00 

10.38 

.0000 

.0009 

1.69 

.1736 

.0000 

.03 

3.1 

0096 
.0010 
.0040 
.0027 
0017 
0023 
.0020 


Note  to  analyses  of  1899  :  Odor,  none. 


Water  Supply  of  Mansfield  Water   Supply   District, 

Mansfield. 

Chemical  Examination  of  Water  from,  the  Well  of  the  Mansfield  Water  Works. 

[Parts  per  100,000.] 


3 

o 

s 

as 
Q 

Appeakancb. 

Ammonia. 

c 
o 

s 

o 

Nitrogen 

AS 

•6 

a 

a 
o 

Si 

X 

o 

a 

■s 

1 

a 
1Z5 

S 

1 
-3 

o 

6 
1 

■6 
o 

c 

ia 

1 

27347 
27684 
27950 
28517 
28869 

1899. 

June    7 
July     6 
Aug.    1 
Sept.    6 
Oct.     3 

None. 
None. 
None. 
None. 
None. 

None. 
None. 
None. 
None. 
None. 

.00 
.00 
.00 
.00 
.02 

2.40 
3.00 
2.20 
3.10 
3.10 

.0002 
.0006 
.0004 
.0000 
.0000 

.0010 
.0008 
.0012 
.0006 
.0004 

.25 
.23 
.26 

.27 
.27 

.0010 
.0020 
.0020 
.0070 
.0030 

.0000 
.0000 
.0000 
.0000 
.0000 

.01 
.01 
.02 
.02 
.01 

0.3 
0.5 
0.3 
0.8 
0.8 

.0010 
.0010 
.0010 
.0000 
.0020 

Av... 

.00 

2.76 

.0002 

.0008 

.26 

.0030 

.0000 

.01 

0.5 

.0010 

Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pumping  station. 
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MARBLEHEAD. 


Watee  Supply  or  Maeblehead. 


Chemical  Examination  of  Water  from  Collecting  Well  No  1  of  the  Marblehead 

Water  Works, 

[Parts  per  100,000.] 


S 

o 

a 

Appeaeance. 

a 
o 

3  > 

Ammonia. 

.5 
o 

Nitrogen 

AS 

a 

3 
>> 

o 

a 

a 
'A 

3 
Eh 

a 

•3 

0) 

o 

o 

o 

B 

•< 

1 

1-1 

1 

1 
1 

1 

1899. 

25855 

Jan.     3 

Decided. 

Slight. 

.05 

13.60 

.0112 

.0018 

1.48 

.0060 

.0004 

.06 

6.0 

.0950 

26379 

Mar.    1 

Decided. 

Cone. 

.04 

13.50 

.0150 

.0030 

1.61 

.0250 

.0002 

.03 

6.4 

.1200 

26666 

Apr.    4 

Decided. 

Cone. 

.04 

12.50 

.0098 

.0022 

1.31 

.0390 

.0000 

.04 

5.4 

.1150 

27012 

May     3 

Decided. 

Cons. 

.00 

13.00 

.0164 

.0028 

1.36 

.0190 

.0001 

.06 

5.4 

.1650 

27629 

June  28 

Slight, 

V.  slight. 

.07 

12.90 

.0018 

.0016 

1.49 

.0650 

.0000 

.05 

5.1 

.0350 

28053 

Aug.   4 

milky. 
Slight. 

Cone. 

.07 

13.50 

.0166 

.0010 

1.73 

.0180 

.0001 

.08 

5.3 

.1100 

28437 

Aug.  31 

Decided. 

Gone. 

.06 

14.70 

.0156 

.0018 

1.80 

.0230 

.0000 

.06 

5.4 

.2250 

29266 

Nov.    2 

Slight. 

Heavy. 

.02 

17.20 

.0164 

.0030 

1.36 

.0210 

.0005 

.07 

6.3 

.1700 

29742 

Dec.  21 

Decided. 

Heavy. 

.10 

16.80 

.0280 

.0032 

1.71 

.0020 

.0000 

.10 

5.6 

.9200 

Av... 

.05 

14.19 

.0145 

.0023 

1.54 

.0242 

.0001 

.06 

5.7 

.2172 

Odor,  none. These  samples  represent  a  mixture  of  water  of  Collecting  Well  No.  1  with  water 

from  Collecting  Well  No.  2,  which  flows  into  it. 

Chemical  Examination  of  Water  from  Collecting  Well  No.  2  of  the  Marblehead 

Water  Works. 

[Parte  per  100,000.] 


B 
O 

"S 

Q 

Appeabancb. 

c 
1 

Ammonia. 

0 

B 
'u 
0 

0 

NiTEOGEN 
AS 

■d 

a 

B 

bo 

>> 

0 

B 

w 

a 

3 

1 

E 

a 

'•3 
w 

0 
0 
0 

t. 

fe 

"5 

c 

< 

1 
o3 

1 

25856 

1899. 

Jan.     3 

Decided. 

Heavy. 

.04 

15.90 

.0268 

.0026 

1.55 

.0000 

.0000 

.08 

6.7 

.3250 

26380 

Mar.    1 

Decided. 

Heavy. 

.02 

15.40 

.0278 

.0032 

1.77 

.0010 

.0000 

.06 

7.3 

.2800 

26667 

Apr.   4 

Decided. 

Heavy. 

.00 

15.20 

.0286 

.0024 

1.54 

.0030 

.0000 

.09 

6.1 

.3700 

27013 

May     3 

Decided. 

Heavy. 

.00 

13.50 

.0274 

.0026 

1.42 

.0010 

.0000 

.10 

5.7 

.3700 

27630 

June  28 

Decided. 

Heavy. 

.03 

13.50 

.0286 

.0030 

1.61 

.0000 

.0000 

.07 

5.6 

.3400 

28054 

Aug.   4 

Decided. 

Cons. 

.07 

14.00 

.0252 

.0022 

1.79 

.0010 

.0000 

.08 

6.3 

.1800 

28438 

Aug.  31 

Decided. 

Cone. 

.05 

17.20 

.0284 

.0028 

1.69 

.0030 

.0000 

.11 

5.3 

.3700 

28894 
29267 

Oct.     2 
Nov.    2 

Decided, 
milky. 
Slight. 

Heavy. 
Heavy. 

.06 
.05 

15.30 
14.30 

.0264 
.0288 

.0040 
.0032 

1.76 
1.74 

.0010 
.0020 

.0000 
.0001 

.08 
.07 

5.7 
5.7 

.2100 
.2300 

Av... 

.04 

14.92 

.0276 

.0029 

1.65 

.0018 

.0000 

.08 

6.0 

.2972 

Odor,  none. 
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MARBLEHEAD. 

Chemical  Examination  of  Water  from,  a  Faucet  supplied  from  the  Marble- 
head  Water  Works. 

[Parts  per  100,000.] 


c 

Appearance. 

e 

Ammonia. 

NiTEOGEN 

•a 

a 

a 

a 

o 

is 
s 

1 
"3 

o 

3  > 
2S 

3 
o 

a 

c 
o 

a 

1 

1 

V 

a 
o 

2i 

Q 

H 

w 

U 

U 

E^ 

-^ 

O 

^ 

!? 

o 

a 

HH 

1899. 

29743 

Dec.  21 

Decided. 

Cons. 

.01 

16.60 

.0202 

.0028 

2.86 

.0140 

.0001 

.06 

6.0 

.3000 

Odor,  none. The  sample  was  collected  from  a  faucet  on  the  main  pipe  line. 

Water  Supply  of  Marlborough. 
Chemical  Examination  of  Water  from  Lake  Williams,  Marlborough. 

[Parts  per  100,000.] 


Kesidob  on 

c 

Appearance. 

Evapora- 

Ammonia. 

NiTBOGBN 

o 

tion. 

3 

c 
o 

>, 

^ 

albdminoid. 

■6 

g 

.o 

o 

s 

B 

13 

S 
■3 

S 

oa_ 

t 

> 

■a 
1  c 

c 
o 

'S 

*t^ 

61 

s 

fe! 

a 

f-l 

tc 

o 

H 

h3 

fe 

E-i 

a 

CE 

O 

s 

125 

o 

ta 

1899. 

25893 

Jan.     9 

Slight. 

Slight. 

.08 

4.70 

1.50 

.0006 

.0206 

.0172 

.0034 

.57 

.0070 

.0002 

.23 

2.0 

26712 

Apr.  11 

Decided. 

Cons. 

.10 

4.26 

1.75 

.0004 

.0240 

.0194 

.0046 

.44 

.0100 

.0002 

.24 

1.4 

27700 

July  10 

Slight. 

Slight. 

.11 

4.10 

1.15 

.0006 

.0254 

.0216 

.0038 

.41 

.0030 

.0000 

.30 

1.6 

28932 

Oct.     9 

None. 

V.  slight. 

.06 

4.00 

1.00 

.0032 

.0238 

.0212 
.0198 

.0026 

.55 
.49 

.0000 

.0001 

.22 
.25 

2.0 

Av... 

.09 

4.26 

1.35 

.0012 

.0234 

.0036 

.0050 

.0001 

1.7 

Odor  of  the  second  sample,  distinctly  disagreeable;  of  the  others,  vegetable, 
■was  collected  from  a  faucet  at  the  pumping  station;  the  others,  from  the  lake. 


•  The  second  sample 


Chemical  Examination  of  Water  from  the  North  Branch  of  Millham  Brook,  near 
its  Entrance  to  the  Millham  Brook  Storage  Reservoir,  Marlborough, 

[Parts  per  100,000.] 


a 

o 

Appearance. 

Residdb  on 
Evapora- 
tion. 

Ammonia. 

a 
o 

o 

Nitrogen 
as 

•6 

a 

3 

o 

a 

o 

■5 

'■e 

3 

a 

a 
o 

3 

i 

Pa 

albuminoid. 

1 

S 

.a 
1 

a 

■3 
CO 

o 

"3 
o 

> 

s 

■d 

■o 

1  a 

o  S, 

a; 

1 
1 

a 

1899. 

25892 

Jan.     9 

V.  Blight. 

Slight. 

0.57 

4.20 

1.60 

.0010 

.0164  .0130 

.0034 

.32 

.0240 

.0001 

0,55 

1.0 

26132 

Feb.     6 

Slight. 

Slight. 

0.50 

4.50 

1.65 

.0078 

.0114  .0096 

.0018 

.35 

.0220 

.0001 

0.43 

1.0 

26390 

Mar.    6 

Decided. 

Heavy, 

earthy. 
Slight. 

0.30 

2.90 

1.40 

.0132 

.0496  .0280 

.0216 

.17 

.0150 

.0002 

0.40 

0.3 

26708 

Apr.  11 

V.  Blight. 

0.52 

3.05 

1.50 

.0004 

.0216  .0200 

.0016 

.25 

.0040 

.0001 

0.56 

0.5 

27023 

May     8 

V.  slight. 

Slight. 

1.52 

4.65 

2.35 

.0044 

.0392  .0311 

.0081 

.27 

.0030 

.0001 

1.26 

0.6 

27404 

June  12 

V.  slight. 

Slight. 

1.15 

4.60 

2.00 

.0030 

.02941.0256 

.0038 

.23 

.0070 

.0002 

0.83 

1.1 

27696 

July  10 

Decided. 

Cons. 

1.30 

6.05 

2.10 

.0040 

.0396'.  0344 

.0052 

.19 

.0070 

.0003 

1.09 

1.3 

29265 

Nov.    6 

V.  Blight. 

V.  slight. 

1.00 

7.40 

2.65 

.0008 

.0316'. 0308 

.0008 

.43 

.0070 

.0000 

1.22 

2.5 

29613 

Dec.  11 

V.  slight. 

V.  slight. 

0.67 

6.00 

2.15 

.0000 

.0198.0184 

.0014 

.36 

.0010 

.0000 

0.70 

1.7 
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MARLBOROUGH. 

Chemical  Examination  of  Water  from  the  North  Branch  of  Millham  Brook,near  its 
Entrance  to  the  Millham  Brook  Storage  Reservoir,  Marlborough  —  Concluded. 

Averages  by  Years. 

[Parts  per  100,000.] 


Kbsidhe  on 

a 

Appeabancb. 

Evapora- 

Ammonia. 

Nitrogen 

o 

tion. 

id 

a 

c 

£ 

ALBUMINOID. 

a 

3 

8 

o 

2 
2 

s 

c 

1 

•3 

o 
o 

3 
o 

O 

1 

V 
> 

•a 

3  P, 

6 
o 

1 

00 

.2 

5 

bo 

c 

■s 

o3 

'A 

^ 

CO 

U 

H 

^^ 

i« 

b^ 

a 

W 

.,^5 

^ 

Sz; 

O 

w 

1896 

1.22 

5.45 

2.11 

.0023 

.0262 

.0226 

.0036 

.0095 

.0001 

1.09 

1.4 

- 

1897 

- 

- 

1.46 

5.65 

2.51 

.0022 

.02911.0265 

.0026 

.38 

.0076 

.0001 

1.05 

1.4 

- 

1898 

- 

- 

1.35 

5.44 

2.53 

.0018 

.0265  .0236 

.0029 

..34 

.0107 

.0001 

1.05 

1.3 

~ 

1899 

~ 

- 

0.84 

4.82 

1.93 

.0038 

.0287  .0234 

.0053 

.29 

.0100 

.0001 

0.78 

1.1 

Note  to  analyses  of  1899 :  Odor,  generally  vegetable,  sometimes  none. 


Chemical  Examination  of  Water  from  Millham  Brook,  near  its  Entrance  to  the 
Millham  Brook  Storage  Reservoir,  Marlborough. 

[Parts  per  100,000.] 


Kesidob  on 

= 

Appeaeancb. 

Evapora- 

Ammonia. 

Nitrogen 

"3 
o 

tion. 

o 

id 

3 

3 

o 

>. 

o 

e 
o 

ALBUMINOID. 

■d 

•6 

w 

a 

o 

1 

o 

t 

ih 

o 

"3 

> 
o 

1  c 

o 

g 

1 

a 

3 

o 

o 

o 

!zi 

a 

El 

m 

U 

H 

>A 

^ 

H 

Q 

m 

U 

!zi 

Izi 

O 

s 

1S99. 

25889 

Jan.     9 

V.  Blight. 

V.  slight. 

.20 

4.55 

1.65 

.0014 

.0120 

.0106 

.0014 

.41 

.0240 

.0000 

.30 

1.7 

26129 

Feb.     6 

V.  slight. 

V.  slight. 

.17 

4.65 

1.40 

.0036 

.0104 

.0096 

.0008 

.40 

.0310 

.0002 

.24 

1.7 

26391 

Mar.    6 

Decided. 

Cons  , 
earthy. 

.24 

3.60 

1.25 

.0076 

.0212 

.0126 

.0086 

.22 

.0210 

.0002 

.32 

0.6 

26709 

Apr.  11 

V.  slight. 

Slight. 

.23 

3.10 

1.25 

.0028,. 0150 

.01441.0006 

'.2b 

.0090 

.0001 

.29 

1.0 

27024 

May     8 

V.  slight. 

V.  slight. 

.72 

1  5.00 

2.00 

.0006,-0208 

.02041.00041  .32 

.0140 

.0002 

.66 

1.8 

27405 

June  12 

V.  slight. 

V.  slight. 

.21 

1  4.50 

1.75 

.0028  .0170  .0146  .0024!  .29 

.0100 

.0003 

.30 

1.8 

27697 

July  10 

V.  slight. 

V.  slight. 

.31 

1  5.30 

1.30 

.0014,. 0182. 0168  .0014!!.31 

.0090 

.0002 

.41 

2.0 

28070 

Aug.    7 

V.  slight. 

Slight. 

.09 

j  5.05 

1.55 

.0014  .0096. 0092  .0004 

.51 

.0010 

.0000 

.23 

2.1 

28535 

Sept.  10 

Slight. 

Slight. 

.10 

4.45 

1.25 

.0016  .01401.0128  .0012 

.54 

.0050 

.0000 

.20 

1.7 

28929 

Oct.     9 

V.  slight. 

V.  slight. 

.36 

6.10 

1.85 

.0002  .01801.0162  .0018 

.53 

.0010 

.0000 

.51 

2.3 

29262 

Nov.    6 

V.  slight. 

V.  slight. 

.48 

7.20 

2.35 

.0008  .0300. 0256. 0044 

.48 

.0230 

.0000 

.83 

3.0 

29610 

Dec.  11 

V.  Blight. 

V.  slight. 

.33 

6.25 

2.25 

.0010  .0166  .0160  .0006 

.42 

.0060 

.0001 

.51 

2.2 

Averages  by  Years. 


1896 
1897 
1898 


.62 

5.47 

1.90 

.0022'. 0199 

.0174 

.0025 

.37 

.0209 

.0001 

.65 

.74 

5.27 

2.02 

.0018:. 0214 

.0198!.  00 16 

.38 

.0162 

.0001 

.65 

..54 

5.12 

2.11 

1.00161.0172 

.0156 

.0016 

.39 

.0165 

.0001 

.53 

.29 

4.97 

1.65 

.0021  .0169 

.0149 

.0020 

.39 

.0128 

.0001 

.40 

1.9 

2.0 
1.8 
1.8 


Note  to  analyses  of  1899:  Odor,  generally  vegetable,  occasionally  unpleasant  or  musty. 
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MARLBOROUGH. 

Chemical  Examination  of  Water  from  Millham  Brook  Storage  Reservoir,  Marl- 
borough. 

[Parts  per  100,000.] 


Residue  on 

. 

S 

6 

Appeakance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

■a 

a 

3 

3 
0 

^ 

d 
0 

albuminoid. 

■d 

■c 

i 

a 
5 

o 

S 

1 

3 

■3 

°g) 

Lh 

^ 

> 
0 

3  P< 

S 

1 

2 

60 
>> 

a 

•s 

» 

c 

H 

02 

o 

H 

^ 

fa 

H 

Q 

CO 

u 

25 

!z; 

0 

K 

1899. 

25890 

Jan.     9 

V.  slight. 

V.  slight. 

.41 

3.75 

1.35 

.0012 

.0146 

.0128 

.0018 

.29 

.0210 

.0000 

.45 

1,0 

26130 

Feb.     6 

V.  slight. 

V.  slight. 

.20 

4.25 

1.75 

.0022 

.0144 

.0120 

.0024 

.36 

.0240 

.0002 

.30 

1.6 

26392 

Mar.    6 

Slight. 

V.  slight. 

.24 

3.05 

1.25 

.0072 

.0144 

.0114 

.0030 

.19 

.0110 

.0002 

.39 

0.6 

26710 

Apr.  11 

Slight. 

Slight. 

.27 

2.85 

1.35 

.0044 

.0154 

.0134 

.0020 

.23 

.0080 

.0001 

.32 

1.0 

27025 

May     8 

Slight. 

Slight. 

.32 

3.30 

1.10 

.0016 

.0284 

.0190 

.0094 

.26 

.0050 

.0001 

.42 

0.6 

27406 

June  12 

Slight. 

Cons. 

.22 

3.35 

1.60 

.0002 

.0228 

.0174 

.0054 

.27 

.0020 

.0000 

.41 

1.3 

27698 

July  10 

Slight. 

Cons. 

.30 

3.55 

1.10 

.0000 

.0280 

.0208 

.0072 

.26 

.0030 

.0000 

.43 

1.3 

28071 

Aug.    7 

Decided. 

V.  slight 

.24 

3.75 

1.45 

.0006 

.0386 

.0206 

.0180 

.31 

.0020 

.0000 

.40 

1.1 

28536 

Sept.  10 

Slight. 

Cons. 

.46 

4.05 

1.90 

.0080 

.0700 

.0388 

.0312 

.27 

.0010 

.0000 

.50 

0.9 

28930 

Oct.     9 

Decided. 

Cons. 

.71 

4.25 

2.25 

.0328 

.0.500 

.0376 

.0124 

.30 

.0010 

.0000 

.49 

1.3 

29263 

Nov.    6 

Decided. 

Cons. 

.,59 

3.50 

1.65 

.0192 

.0480 

.0328 

.0152 

.28 

.0130 

.0004 

.50 

1.3 

29611 

Dec.  11 

Slight. 

Cons. 

.54 

4.40 

2.20 

.0002 

.0432 

.0312 

.0120 

.28 

.0060 

.0001 

.54 

1.1 

Averages  by  Years. 


1896 

.80 

4.44 

1.68 

.0058 

.0306 

.0248 

.0058 

.30 

.0088 

.0003 

.69 

1897 

_ 

_ 

.83 

4.24 

1.77 

.0031 

.0293 

.0243 

.0050 

.30 

.0088 

.0001 

.64 

1898 

_ 

_ 

.67 

4.30 

1.95 

.0050 

.0239 

.0191 

.0048 

.32 

.0095 

.0001 

.59 

1899 

- 

- 

.37 

3.67 

1.58 

.0065 

.0323 

.0223 

.0100 

.27 

.0081 

.0001 

.43 

1.3 
1.5 
1.3 
1.1 


Note  to  analyses  of  1899  :  Odor,  generally  vegetable,  sometimes  grassy  or  mouldy, 
were  collected  from  the  reservoir,  2  feet  beneath  the  surface. 


■  The  samples 


Microscopical  Examination  of  Water  from   Millham  Brook   Storage  Reservoir., 

Marlborough. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,  .... 

10 

7 

7 

12 

9 

13 

11 

8 

11 

10 

7 

12 

Number  of  sample,    .... 

25890 

26130 

26392 

26710 

27025 

27406 

27698 

28071 

28536 

28930 

29263 

29611 

PLANTS. 

Diatomacese,       .... 

7 

2 

5 

32 

406 

848 

178 

2,416 

164 

168 

3,764 

4,060 

Asterionella 

Cyclotella, 

Fragilaria 

Melosira 

Synedra 

Tabellarla 

4 

0 
0 
0 
2 
1 

0 

1 
0 
0 

1 

0 

0 
0 
0 
0 

1 

0 

3 
2 
0 
4 
6 
2 

62 

0 

0 

0 

220 

124 

108 

2 

0 

0 

140 

598 

12 

30 

0 

0 

14 

122 

552 
712 
0 
720 
128 
304 

0 
160 
0 
0 
0 
4 

120 

20 

0 

0 

20 

8 

3,560 

62 

132 

0 

4 

8 

3,936 
12 
80 
0 
0 
32 

Cyanophycess 

0 

0 

0 

0 

2 

148 

356 

1,096  1,344 

134 

180 

4 

Anabsena, 

Coelosphaerium,    .... 
Microcystis,          .... 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

2 
0 
0 

118 
2 
26 

356 
0 
0 

1,000 
88 
0 

1,288 

56 

0 

52 
80 
2 

4 

176 

0 

0 
4 
0 

Algse 

0 

0 

0 

0 

0 

124 

34 

136 

72 

106 

100 

58 

Protococcus,          .... 
Raphidium, 

0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

36 
78 

34 
0 

0 
96 

60 
0 

100 
0 

32 
36 

60 
4 
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MARLBOROUGH. 

Microscojncal  Examination  of  Water  from  Millham  Brook  Storage  Reservoir, 
Marlborough  —  Concluded. 

[Number  of  organistna  per  cubic  centimeter.] 


Apr. 

May. 

53 

28 

51 

0 

0 

24 

0 

2 

0 

0 

0 

0 

0 

0 

0 

4 

0 

pr. 

0 

0 

0 

pr. 

0 

0 

July. 


Aug. 


Sept. 


ANIMALS. 
Infusoria, 
Dinobryon,  . 
Epistylis, 
Peridinium,. 
TrachelomoDas,   . 
Uroglena, 
Vorticella,    . 

Vermes,  . 

Crustacea,    . 

Bosmina, 
Cyclops, 
Daphnia, 


152 
124 

0 
0 
8 
0 
12 


536 

480 

0 

0 

36 

16 

0 


pr 


772 

758 
0 
0 
4 
2 
0 


Miscellaneous,  Zobgloea, 


15       12 


Total, 


452 


1,284 


3,672 


1,590 


4,590 


4,902 


Chemical  Examiiiation  of  Water  from  Millham  Brook   Storage  Reservoir, 
Marlborough,  collected  near  the  Bottom. 

[Parts  per  100,000.] 


Residue  on 

= 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

■y 

Q 

tion. 

a 

s 
0 

0 

>. 

c 

c 

ALBUMINOID. 

^ 

■c 

■6 

« 

s 

3 

o 

H 
Z 

3 

S 

■a 

c 

o 

°3i 

■3 

0 

■3 

5?S 

0 

1 

b 

1 

0 

a 

■s 

03 

Izi 

O 

H 

tc 

O 

H 

J 

U4 

El 

Q 

03 

0 

!zi 

(S 

0 

« 

1S99. 

25891 

Jan.     9 

V.  Blight. 

V.  slight. 

0.51 

4.15 

1.65 

.0098 

.0174 

.01,54 

.0020 

.32 

.0120  .0001 

.49 

1.4 

26131 

Feb.     6 

V.  slight. 

V.  slight. 

0.35 

4.25 

1.75 

.0046 

.0152 

.01.30 

.0022 

.33 

.0180  .0002 

.42 

1.1 

26393 

Mar.    6 

Blight. 

Slight. 

0.39 

4.00 

1.30 

.0188'. 0172 

.0136 

.0036, 

.28 

.0220  .0004, 

.37 

1.0 

26711 

Apr.  11 

Slight. 

Slight. 

0.32 

3.10 

1.20 

.0098. 0148 

.0138 

.0010: 

.25 

.0100  .0002: 

..35 

0.8 

27026 

May     8 

Decided. 

Slight. 

0.32 

3.30 

1.10 

.0006.0244 

.0184 

.0060! 

.26 

.0120,.  0001 

.35 

1.0 

27407 

June  12 

Slight. 

Cons. 

0.47 

3.70 

1.60 

.0148!. 0542 

.0242 

.0300 

.29 

.0020  .0000! 

.46 

1.0 

27699 

July  10 

Decided. 

Cons. 

0.47 

3.80 

1.25 

.0000|.0400 

.0242 

.0158 

.29 

.0040  .0000 

.47 

1.3 

28072 

Aug.    7 

Decided. 

Cons. 

1.70 

5.30 

1.35 

.0750,. 0530  .0220 

.0310 

.,32 

.0020  .0000 

.63 

2.2 

28537 

Sept.  10 

Decided. 

Heavy. 

3.20 

7.25 

2.50 

.1904  .0676  .0404 

.0272 

.29 

.0060  .0000 

.88 

2.0 

28931 

Oct.     9 

Decided. 

Cons. 

0.73 

4.50 

2.00 

.0312  .0544^.0376 

.0168 

.29 

.0010  .0001 

.49 

1.3 

29264 

Nov.    6 

Decided. 

Cons. 

0.58 

3.40 

1.65 

.0164  .0440  .0332 

.0108 

.27 

.0080  .0000 

.,50 

1.1 

29612 

Dec.  11 

Slight. 

Cons. 

0.59 

4.20 

2.05 

.0010  .0416  .0292 

.01241.29 

.0060  .0000 

.49 

1.0 

Averages  by  Tears. 


1896 
1897 


. 

1.04 

5.07 

1.94 

.0185 

.0331  .0271  .0060 

.31 

.0110 

.0002 

.82 

- 

1.47 

5.33 

2.24 

.0233 

.0343  .0288,. 0055 

.,32 

.0075 

.0003 

.79 

- 

1.29 

5.21 

2.35 

.0472 

.0285, ,02241.0061, 

.31 

.0071 

.0002 

.68 

- 

0.80 

4.25 

1.62 

.0310 

.0370.0238  .01321 

.29 

.0086 

.0001 

.49 

1.5 
1.7 
1.5 
1.3 


Note  to  analyses  of  1899 :  Odor,  generally  vegetable,  occasionally  none,  frequently  mouldy  and  un- 
pleasant or  disagreeable,  becoming  stronger  on  healing. The  samples  were  collected  from  the 

reservoir,  2  feet  above  the  bottom. 
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makshfield. 

Water   Supply    of   Beant   Rock,    Marshfield. — Brant   Rock 

Water  Company. 

Chemical  Examination  of  Water  from  the  Well  of  the  Brant  Rock  Water  Company. 

[Parts  per  100,000.] 


a 

Appearance. 

B 

Ammonia. 

NiTKOQEN 

■d 

si 

AS 

a 

S 

s^ 

^ 

■a 

C 

w 

1 

3 

-S 

Id 

!2 

u 

a 
5 

o 

0)  OS 
3  > 

c 

o 

1 

en 

C 

tzi 

Q 

H 

GO 

O 

M 

fe 

-< 

U 

!< 

;2i 

O 

a 

1S99. 

28298 

Aug.  21 

None. 

None. 

.00 

11.40 

.0000 

.0006 

3.20 

.0960    .0000 

.02 

2.2 

.0010 

Odor,  none. The  sample  was  collected  from  a  faucet  at  the  pumping  station. 


Water  Supply  of  Maynard. 

Chemical  Examination  of  Water  from  White  Pond,  Maynard. 

[Parts  per  100,000.] 


o 
o 

o 

Appearance. 

Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

G 
't. 
O 

is 

.15 
.29 
.30 
.38 
.37 
.30 

Nitrogen 

AS 

13 

i 

3 

i 

o 

g 

o 

■3 

In 

1 

i 
3 

"3 
o 

a 
o 

o 

£ 

ALBUMINPID. 

t. 
1 

a 

3 

5 

■a 

s 

•6 

•a 
1  c 

00  o 

3  C. 

a 

■s 

03 
W 

26541 
27105 
27490 
28738 
29691 

1899. 

Mar.  21 

May  15 
June  20 
Sept.  26 
Dec.  19 

Decided. 
Slight. 
Slight. 
V.  slight. 
V.  slight. 

Cons. 
V.  slight. 
Slight. 
Cons. 
Slight. 

.03 
.06 
.06 
.00 
.01 

1.65 
3.00 
2.25 
2.00 
2.35 

1.00 
0.90 
0.75 
1.00 
0.75 

.0042 
.0004 
.0004 
.0006 
.0006 
.0012 

.0240 
.0172 
.0212 
.0176 
.0154 

.0188 
.0150 
.0196 
.0156 
.0138 

.0052 
.0022 
.0016 
.0020 
.0016 

.0010 
.0070 
.0020 
.0020 
.0010 
.0026 

.0000 
.0000 
.0000 
.0000 
.0000 

.18 
.24 
.22 
.18 
.13 
.19 

0.0 
0.6 
0.3 
0.6 
0.5 

Av... 

.03 

2.25 

0.88 

.0191 

.0166 

.0025 

.0000 

0.4 

Odor  of  the  first  and  third  samples,  faintly  vegetable ;  of  the  second,  distinctly  vegetable  and  faintly 
unpleasant,  becoming  distinctly  fishy  and  oily  on  heating;  of  the  fourth,  very  faintly  unpleasant;  of  the 

last,  none,  becoming  faintly  vegetable  on  heating. No.  27105  was  collected  from  a  faucet  in  the  town ; 

the  others,  from  the  pond. 
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MAYNARD. 

Microscopical  Examination  of  Water  from  White  Pond,  Maynard. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 


May. 


Sept. 


Day  of  examination,   . 
Number  of  sample, 

PLANTS. 
DiatomaceeB, 

Synedra,        ... 

CyanophycesB,  Anabsena, 

Algae 

ANIMALS. 
Infusoria, 

Dinobryon,    . 

Monas 

Uroglena, 

Vermes 

Miscellaneous,  Zoogloea,    . 
Total 


22 
26541 


16 
27105 


21 
27490 


27 
28738 


19 

29691 


20 


258 

190 

0 
14 


46 


354 

344 
10 
0 


54 


78 


187 


Medfield. 

Chemical  Examination  of  Water  from  a  Spring  in  Medfield. 

[Parts  per  100,000.] 


' 

1 

Appearance. 

B 

o 

Ammonia. 

Nitrogen 

AS 

1 

u 

a 

J 

^ 

^ 

S 

§ 

a 

=5 

6 

1 
S 

1 

QQ 

s 

C3 

g 

'A 

Q 

ir< 

to 

O 

K 

fe 

< 

o 

'A 

^ 

o 

K 

1899. 

28290 

Aug.  21 

None. 

None. 

.00 

2.70 

.0006 

.0022 

.23 

.0010 

.0000 

.09 

0.8 

.0010 

Odor,  none. The  sample  was  collected  from  a  spring  near  Vine  Brook,  about  one-third  of  a  mile 

above  North  Street.    This  spring  is  used  as  a  source  of  water  supply  by  a  large  straw  factory  and  by  a 
portion  of  the  village  of  Medfield. 
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medfield  insane  asylum. 
Water  Supply  of  Medfield  Insane  Asylum. 

Chemical  Examination  of  Water  from  Farm  Pond  in  Sherboi^n, 

[Parts  per  100,000.] 


1 

o 
U 

o 

s 

a 

a 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

1 
o 

Nitrogen 

AS 

a 

3 
B 

o 
o 
a 

S) 

& 

o 

3 

.i 

-3 

03 

o 
O 

1 

5 

3 

6 
la 

ALBUMINOID. 

1 

i 

a 

3 

"3 

o 
Eh 

o 

s 

•6 
,  c 

3  C 
CO 

1899. 

26313 

Feb.  22 

None. 

V.  Blight. 

.02 

1.80 

0.95 

.0012 

.0098 

.0094 

.0004 

.25 

.0020 

.0000 

.18 

0.3 

26954 

Apr.  26 

None. 

None. 

.05 

1.75 

0.75 

.0000 

.0120 

.0110 

.0010 

.23 

.0010 

.0000 

.18 

0.0 

27623 

June  28 

V.  slight. 

V.  slight. 

.09 

1.75 

0.85 

.0018 

.0122 

.0118 

.0004 

.22 

.0000 

■.0000 

.17 

0.0 

28396 

Aug.  28 

V.  slight. 

V.  Blight. 

.06 

2.45 

1.80 

.0014 

.0108 

.0104 

.0004 

.24 

.0010 

.0001 

.15 

0.0 

29141 

Oct.   25 

None. 

None. 

.04 

1.70 

0.75 

.0006 

.0118 

.0106 

.0012 

.25 

.0010 

.0000 

.16 

0.2 

29801 

Dec.  27 

V.  slight. 

V.  slight. 

.05 

1.75 

0.85 

.0014 

.0124 

.0120 

.0004 

.24 
.24 

.0010 

.0000 

.12 
.16 

0.3 

Av... 

.05 

1.87 

0.91 

.0011 

.0115 

.0109 

.0006 

.0010 

.0000 

0.1 

BXL 

Odor  of  the  first  and  fourth  samples,  faintly  vegetable;  of  the  last  two,  none;  of  the  second  and 

third,  none,  becoming  distinctly  fishy  or  unpleasant  on  heating. No.  29141  was  collected  from  the 

pond;  the  others,  from  faucets  in  the  asylum  supplied  from  the  pond. 

Water  Supply  of  Medford. 
(See  Metropolitan  Water  District.) 

Med  WAY. 
The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
Medway,  with  reference  to  the  quality  of  the  water  of  a  well  used  as 
a  source  of  water  supply  for  the  Poor  Farm  in  that  town,  may  be 
found  on  page  29  of  this  volume. 

Chemical  Examination  of  Water  from  a  Well  at  the  Medway  Poor  Farm. 

[Parts  per  100,000.] 


a 

Appearance. 

s 

Ammonia. 

Nitrogen 

■c 

S 

a 

.  ^ 

>t 

H 

s 

i 

1 

s 

.2 
!3 

a 

•3 

S 

3> 

Ha 

i 

C3 

c 
1 

1 

go 

bo 

V 
•    3 

c 
o 

'A 

O 

H 

O) 

o 

M 

Eh 

< 

o 

s 

g 

O 

K 

1899. 

29673 

Dec.  14 

Slight. 

V.  slight. 

.07 

9.30 

.0000 

.0062 

.34 

.0010 

.0000 

.12 

4.3 

.0020 

Odor,  none. 


Water  Supply  of  Melrose. 
(See  Metropolitan  Water  District.) 
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METHUEN. 


Water  Supply  of  Methuen. 


Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Methuen  Water 

Works. 

[Parts  per  100,000.] 


1 
"3 

« • 

Appearance. 

c 
a  > 

Ammonia. 

e 
1 

NiTBOGBN 
AS 

■d 

a 

r! 

R 

o 

c 

OS 

a 

1 

1  . 

'Z 

3 

Sediment. 
Color. 

6k 

o 

c 

< 

g 

a 
2 

27177 
27617 
27861 
28353 
28727 
29127 

1899. 

May  20 

June  28 
July  21 
Aug.  24 
Sept.  25 
Oct.  23 

V.  Blight. 

V.  slight. 

V.  slight. 

None. 

V.  slight. 

Slight, 
milky. 

"V.  slight. 
V.  Blight. 
Slight. 
V.  slight. 
V.  slight. 
Y.  Blight. 

.02 
.08 
.08 
.03 
.10 
.10 

6.40 
6.20 
7.90 
6.90 
6.40 
8.00 

.0000 
.0000 
.0016 
.0004 
.0000 
.0000 

.0026 
.0046 
.0042 
.0090 
.0038 
.0052 

.32 
.29 
.35 
.35 
.36 
.34 

.0180 
.0180 
.0200 
.0280 
.0410 
.0180 

.0000 
.0000 
.0001 
.0000 
.0000 
.0000 

.06 
.14 
.12 
.10 
.09 
.15 

2.0 
2.6 
2.9 
2.5 
3.0 
2.7 

.0030 
.0050 
.0150 
.0120 
.0130 
.0070 

Av... 

.07 

6.97 

.0003 

1 

.0049 

.33 

.0238 

.0000 

.11 

2.6 

.0092 

Odor,  none. The  first  sample  was  collected  from  a  faucet  in  the  town;  the  others,  from  the 

wells. 

Watee   Supply   of   Middleborough   Fire   District, 

MiDDLEBOROUGH. 

Chemical  Examination  of  Water  from  the  Well  of  the  Middleborough  Fire  District. 

[Parts  per  100,000.] 


S 

Q 

Appearance. 

c 
_o 

§1 

3  > 

Ammonia. 

6 
o 

Nitrogen 

AS 

•d 

s 

3 

„  o 
c« 

E? 

o 

a 

a 

■5 
S 

3 

"c 

1 

CO 

o 
o 

o 

< 

1 
1 

1 

B 

2 

25840 

1899 

Jan. 

4 

V.  slight. 

V.  slight. 

.09 

8.00 

.0006 

.0016 

.80 

.1240 

.0000 

.06 

2.7 

.0180 

26100 

Feb. 

1 

None. 

V.  slight. 

.05 

7.00 

.0006 

.0028 

.81 

.1300 

.0000 

.05 

2.9 

.0150 

26371 

Mar. 

1 

V.  slight. 

"V.  slight. 

.05 

7.00 

.0012 

.0030 

.79 

.0890 

.0000 

.06 

2.3 

.0170 

26674 

Apr. 

5 

None. 

V.  slight. 

.06 

6.50 

.0012 

.0020 

.72 

.1120 

.0000 

.06 

2.5 

.0280 

26998 

May 

3 

V.  slight. 

Slight. 

.10 

6.80 

.0010 

.0024 

.68 

.1160 

.0000 

.08 

2.3 

.0280 

27323 

June 

6 

V.  slight. 

V.  slight. 

.15 

5.50 

.0014 

.0036 

.68 

.0780 

.0000 

.17 

2.0 

.0200 

27674 
28031 

July 
Aug. 

6 
2 

Blight, 

milky. 
Decided. 

V.  slight. 
Cons. 

.21 
.33 

5.90 
6.60 

.0000 
.0000 

.0052 
.0056 

.56 
.63 

.0230 
.0230 

.0000 
.0001 

.19 

.23 

2.0 
2.6 

.0180 
.0320 

28475 
28881 
29212 

Sept. 
Oct. 
Nov. 

5 
4 

1 

Slight, 
milky. 

Decided, 
milky. 

Decided, 
milky. 

V.  slight. 

V.  slight. 

Slight. 

Slight. 

.20 
.20 
.30 

6.20 
6.20 
6.40 

.0000 
.0024 
.0014 

.0060 
.0040 
.0052 

.62 
.63 
.63 

.0340 
.0230 
.0150 

.0000 
.0000 
.0000 

.17 
.16 
.14 

2.0 
2.2 
2.6 

.0380 
.0430 
.0870 

29573 

Dec. 

5 

Slight. 

.11 

6.40 

.0020 

.0026 

.68 

.0540 

.0000 

.09 

2.1 

.0510 
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MIDDIiEBOROTJGH. 

Chemical  Examinalion  of  Water  from  the  Well  of  the  Middleborough  Fire  District 

—  Concluded, 

Ave7-ages  by  Years. 

[Parts  per  100,000.] 


Appearance. 

i 

0)  oi 
3  > 

12  W 

Ammonia. 

Nitrogen 

AS 

•6 

a 

1 

s 

c 

.i 

1 

2 

12 

B 

is 

c 
o 
2 

1 
2 

'u 

s 
bo 

c 
1 

o 

^ 

O 

B 

w 

u 

cd 

fe 

<i 

o 

^ 

;zi 

O 

K 

1888 

.00 

8.67 

.0001 

.0025 

.96 

.1494 

.0001 

_ 

- 

1895 

_ 

_ 

.06 

6.74 

.0001 

.0028 

.74 

.0687 

.0000 

.08 

2.6 

.0187 

- 

1896 

_ 

_ 

.18 

6.54 

.0003 

.0038 

.72 

.0565 

.0000 

.09 

2.4 

.0288 

- 

1897 

_ 

_ 

.09 

6.28 

.0006 

.0039 

.71 

.0580 

.0000 

.11 

2.5 

.0227 

. 

1898 

_ 

_ 

.16 

6.78 

.0008 

.0044 

.75 

.0687 

.0001 

.14 

2.7 

.0408 

- 

1899 

- 

- 

.15 

6.54 

.0010 

.0037 

.69 

.0684 

.0000 

.12 

2.3 

.0329 

Note  to  analyses  of  1899 :  Odor,  none. 


Water  Supply  of  Middleton. 
(See  Banvers.) 

Watee  Supply  of  Milfoed  and  Hopedale.  —  Milford  Water 

Company. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health 
of  Milford,  with  reference  to  the  presence  of  lead  in  the  water  sup- 
ply of  that  town,  may  be  found  on  pages  29  to  31  of  this  volume. 

The  advice  of  the  Board  to  the  Milford  Water  Company,  relative 
to  the  prevention  of  lead  poisoning  caused  by  the  use  of  the  Milford 
water  drawn  through  lead  service  pipes,  and  relative  to  obtaining 
an  additional  supply  of  water  for  Milford  and  Hopedale,  may  be 
found  on  pages  31  and  32  of  this  volume. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Milford  Water  Company. 

[Parts  per  100,000.] 


c 

Appearance. 

Ammonia. 

Nitrogen 

•6 

a 

■3 
s 

B 
1 

■3 

u 

o 
o 

It 

!2 

'o 

< 

E 
1 

1 

% 

o 

E 
■a 

B* 
o 

1S99. 

27418 

June  12 

None. 

None. 

.10 

2.90 

.0014 

.0060 

.21 

.0080 

.0000 

.22 

0.8 

.0030 

,27721 

July  11 

v.  slight. 

V.  slight. 

.04 

3.30 

.0006 

.0056 

.23 

.0090 

.0001 

.12 

0.8 

.0030 

28096 

Aug.   8 

None. 

v.  slight. 

.09 

2.80 

.0000 

.0056 

.23 

.0090 

.0000 

.20 

1.0 

.0010 

28612 

Sept.  11 

None. 

V.  slight. 

.01 

3.10 

.0000 

.0034 

.26 

.0110 

.0000 

.07 

1.1 

.0070 

29330 

Nov.    9 

Slight. 

Slight. 

.12 

4.50 

.0030 

.0052 

.26 

.0020 

.0000 

.11 

1.7 

.0710 

Av... 

.07 

3.32 

.0010 

.0052 

.24 

.0078 

.0000 

.14 

1.1 

.0170 

Odor,  none.    A  faintly  vegetable  odor  was  developed  in  the  third  sample  on  heating. 
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MILFORD  AND  HOPED  ALE. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Milford  Water  Company. 

[Parts  per  lOO.OOO.J 


B 
O 

Q 

Appearance. 

o 

°  p. 

3  > 

Ammonia. 

6 

c 

•s 

_o 

5 

NiTEOGEN 
AS 

•d 

a 

s 
a 

o 

a 

•3 
3 

1 
•3 

o 

2 

< 

S 
g 

1 

29435 

29634 

29433 
29635 
29430 
29636 

1899. 

Nov.  17 

Dec.  12 

Nov.  17 
Dec.  12 
Nov.  17 
Dec.  12 

Slight. 

V.  Blight. 

None. 
None. 
None. 
None. 

Cons., 

floo. 
Cons., 

floe. 
V.  slight. 
None. 
None. 
None. 

.10 

.13 

.09 
.05 

.02 
.03 

4.40 

4.90 

3.40 
3.80 
3.60 
4.20 

.0042 

.0030 

'.0006 
.0000 
.0006 
.0000 

.0070 

.0028 

.0064 
.0032 
.0070 
.0062 

.26 
.26 

'  .30 
.28 
.33 

1   .32 

.0120 

;0120 

.0140 
.0190 
.0110 
.0150 

.0000 

.0000 

.0000 
.0000 
.0000 
.0000 

.10 
.07 

.11 

.08 
.19 
.16 

1.6 

1.6 

1.0 
1.1 

0.8 
0.8 

.0890 

.0850 

.0020 
.0010 
.0020 
.0030 

Odor,  none. The  first  two  samples  were  collected  from  well  No.  1;  the  third  and  fourth,  from 

well  No.  2;  the  last  two,  from  well  No.  3.    Well  No.  1  receives  water  from  well  No.  2;   wells  Nos.  2 
and  3  receive  the  efliuent  from  the  sand  filters.       ^ 

Chemical  Examination  of  Water  from  the  Charles  River,  after  passing  through  the 
Sand  Filters  of  the  Milford  Water  Company. 

[Parts  per  100,000.] 


B 

Appeabasce. 

E 

AMMONIA. 

NiTKOGEN 

•d 

■3 

a  a 

3  > 

a 

u 

O 

•3 

B 

a 

■3 

■6 

0 

c 

i 

0 

a 

3 

03 

Q 

.a 

3 

o 
o 
O 

2W 
1^ 

£ 

< 

0 
0 

K 

0 

K 

B 

2 

1899. 

29434 

Nov.  17 

None. 

None. 

.20 

4.40 

.0006 

.0114 

.33 

.0110 

.0000 

.40 

1.1 

.0040 

29638 

Dec.  12 

V.  Blight. 

V.  slight. 

.14 

4.40 

.0010 

.0126 

.27 

.0060 

.0000 

.33 

1.0 

.0130 

29432 

Nov.  17 

None. 

Cons  , 
sand. 

.18 

4.60 

.0006 

.0124 

.36 

.0080 

.0000 

.48 

1.1 

.0050 

29639 

Dec.  12 

V.  slight. 

V.  slight. 

.18 

4.20 

.0006 

.0150 

.28 

.0050 

.0000 

.36 

0.6 

.0140 

Odor,  none. The  first  two  samples  were  collected  from  filter  No.  2:  the  last  two,  from  filter 

No.  3. 

Chemical  Examination  of  Water  from  Charles  River  opx>osite  the  Wells  of  the 
Milford  Water  Company. 

[Parts  per  100,000.] 


I 

-, 

E 

i 

s. 

S3 

Appearakce. 

Evapora- 
tion. 

Ammonia. 

6 

B 
0 

Nitrogen 

AS 

1 

a 

1 

c 

"3 
1 

B 
1 

1 

1 

ALBUMINOID. 

1 
1 

i 

i 

t 

s 

•6 
> 
0 

•a 

■0 

1    B 
3  0. 

i 

1- 

•A 

0 

H 

33 

0 

&- 

iA 

fa 

H 

5 

cc 

0 

2; 

2 

0 

H 

1899. 

28610 

Sept.  13 

Slight. 

Cons. 

.20 

3.35 

1.50 

.0016 

.0276 

.0252 

.0024 

.23 

.0010 

.0002 

.39 

0.3 

29148 

Oct.    24 

Slight. 

Slight. 

.32 

3.35 

1.50 

.0010  .0282 

.0240  .0042 

.25 

.OOIU 

.0008 

.46 

0.3 

29429 

Nov.  17 

V.  slight. 

V.  slight. 

.33 

5.25 

2.10 

.0024  .0186 

.0176  .0010 

.32 

.0060 

.0000 

.59 

1.3 

29637 

Dec.  12 

V.  slight. 

Slight. 

.26 

3.80 

1.55 

.OOO61.O226 

.0204  .0022 

.25 

.0050 

.0000 

.39 

i 

O.tt 

Odor  of  the  first  sample,  faintly  earthy;  of  the  others,  faintly  vegetable. 
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MILFORD  AND  HOPEDALE. 

Chemical  Examination  of  Water  from  a  Pond  near  the  Pumping  Station  of  the 
Milford  Water  Company. 

[Parts  per  100,000.] 


Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

•a 

tion. 

a 

3 

c 

ALBUMINOID. 

u 

_>i 

■3 

o 

o 

S 

£3 

a 

o 

2 

1 

o 

"3 

00  M 

6 

« 

■a 
1   B 

B 

f 

s 

a 

B 

'A 

Q 

H 

m 

CJ 

H 

I-! 

6^ 

H 

Q 

a3 

o 

iz; 

JZi 

o 

M 

1899. 

28611 

Sept.  13 

Slight. 

Slight. 

.29 

2.80 

1.80 

.0024 

.0522 

.0476 

.0046 

.20 

.0000 

.0000 

.74 

0.2 

29647 

Dec.  12 

Decided. 

Cons. 

.55 

3.75 

2.10 

.0180 

.0586 

.0496 

.0090 

.33 

.0010 

.0000 

.84 

0.2 

Odor  of  the  first  sample,  distinctly  unpleasant,  becoming  also  fishy  on  heating;  of  the  last,  faintly 

vegetable,  becoming  distinctly  fishy  on  heating. The  samples  were  collected  from  a  small  pond, 

about  400  feet  west  of  the  pumping  station. 


Chemical  Examination  of  Water  from  Echo  Lake,  iji  Hopkinton. 

[Parts  per  100,000.] 


.2 

o 
Q 

■o 

■5 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
X. 
0 
S 

Nitrogen 

AS 

■d 

a 
3 

0 

E 

2 
3 
s 
E-i 

C  - 

§ 

a> 

i 

« 

E^ 

c 
0 

E~ 

3 

albuminoid. 

1 
5 

s 

iz; 

■3 
0 

Eh 

■d 
> 

1 

5 

■d 

■S 

,  c 
3  p. 

c 

w 

1899. 

29147 

Oct.   24 

Decided. 

Cons. 

.12 

2.80 

1.40 

.0016 

.0444 

.0280 

.0164 

.24 

.0010 

.0001 

.42 

0.2 

29646 

Dec.  12 

Decided. 

Cons. 

.24 

2.90 

1.30 

.0002 

.0346 

.0218 

,0128 

.25 

.0020 

.0000 

.38 

0.2 

Odor  of  the  first  sample,  distinctly  unpleasant;  of  the  last,  none,  becoming  distinctly  vegetable  on 

heating. The  samples  were  collected  from  the  lake,  near  its  outlet.    Echo  Lake  is  situated  near  the 

headwaters  of  the  Charles  River. 


Chemical  Examination  of  Water  from  a  Pond  on  the  Charles  River,  above  Milford. 

[Parts  per  100,000.] 


0 

0 

S. 

a 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

B 
1 
0 

Nitrogen 

AS 

-d 

a 

B 
0 

Q 

a 

0 

2 
S 

3 

B 
1 

m 

i 
0 
0 

3 

E-i 

3 

albuminoid. 

2 

!? 

1 
a 

3 

0 

Eh 

-d 
0 
Q 

■d 
-S 

1    B 
in  0 

3  a 

CO 

B 

■a 

a 

1899. 

29329 

Nov.    9 

V.  slight. 

V.  slight. 

.40 

4.80 

1.90 

.0020 

.0228 

.0196 

.0032 

.43 

.0010 

.0000 

.49 

1.1 

Odor,  none,  becoming  faintly  vegetable  on  heating. The  samples  were  collected  from  a  pond 

formed  by  a  dam  on  the  Charles  River,  about  half  a  mile  above  the  pumping  station  of  the  Milford 
Water  Company. 
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MILIiBTJKY. 

Water  Supply  of  Millbury.  —  Millbury  Water  Company. 

Chemical  Examination  of  Water  from  the  Well  of  the  Millbury  Water  Company. 

[Parts  per  100,000.] 


B 

o 

Appbabance. 

B 

Ammonia. 

Nitrogen 

TS 

s 

AS 

s 

>% 

^ 

bS 

•d 

3 
B 

is 

3 

u 

n 

o 

i 

o 
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a 
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'u 

a 
■E 

p 

'A 

O 

^ 

ou 

V 

» 

fa 

< 

O 

'A 

IZi 

o 

w 

ti 

1899. 

27423 

June  13 

V.  slight. 

V.  slight. 

.00 

3.50 

.0000 

.0008 

.21 

.0220 

.0000 

.02 

2.0 

.0020 

27714 

July  10 

V.  slight. 

V.  slight 

.04 

5.20 

.0000 

.0042 

.19 

.0090 

.0001 

.08 

2.2 

.0020 

28142 

Aug.  10 

None. 

V.  slight. 

.01 

4.80 

.0000 

.0012 

.22 

.0150 

.0000 

.03 

2.1 

.0010 

28552 

Sept.  11 

V.  slight. 

V.  Blight. 

.02 

5.30 

.0000 

.0018 

.22 

.0130 

.0000 

.01 

2.0 

.0030 

28993 

Oct.   11 

None. 

None. 

.02 

3.80 

.0000 

.0006 

.17 

.0150 

.0000 

.01 

1.3 

.0050 

Av... 

.02 

4.52 

.0000 

.0017 

.20 

.0148 

.0000 

.03 

1.9 

.0026 

Odor,  none. 


Water  Supply  of  Millis. 
Chemical  Examination  of  Water  from  the  Aqua  Rex  Spring,  Millis. 

[Parts  per  100,000.] 


B 

O 

Appearance. 

B 

Ammonia. 

NiTROOEN 

■a 

s 

a 

>^ 

^ 

^2 
sg, 

■o 

CO 

. 

s 

3 

2 
3 

3 

1 
■5 

_o 

(B   OS 

3  > 

t 

o 

B 

i'a 

s 

1 

2 

a 
■H 

OS 

B 
o 

"A 

Q 
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oo 

U 
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fa 

< 

O 
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o 

« 

1899. 

27419 

June  13 

None. 

None. 

.00 

6.60 

.0000 

.0006 

.56 

.1380 

.0000 

.01 

2.3 

.0020 

27715 

July  11 

None. 

Blight. 

.00 

7.40 

.0006 

.0012 

.54     1 

.1740 

.0000 

.03 

2.5 

.0040 

28069 

Aug.    7 

None. 

None. 

.00 

7.10 

.0000 

.0008 

.56     ' 

.2200 

.0000 

.01 

2.9 

.0000 

28540 

Sept.n 

None. 

None. 

.00 

8.00 

.0000 

.0010 

.59 

.1840 

.0000 

.02 

2.3 

.0040 

28923 

Oct.     9 

None. 

None. 

.00 

7.00 

.0000 

.0010 

.59 

.1760 

.0000 

.01 

3.0 

.0040 

Av... 

.00 

7.22 

.0001 

.0009 

.57 

.1784 

.0000 

.02 

2.6 

.0028 

Odor,  none. The  first  two  samples  were  collected  from  the  spring;  the  others,  from  a  faucet  at 

the  pumping  station. 

Water  Supply  of  Milton. 

Chemical  Examination  of  Water  from  a  Faucet  in  Milton,  supplied  from  the  Works 
of  the  Hyde  Park  Water  Company. 

[Parts  per  100,000.] 


c 
o 

Appearance. 

Ammonia. 

Nitrogen 

•6 

a 

a 

3 

2 
3 

3 

H 

B 
1 

o 
o 
O 

O  OS 

3  > 

fa 

s 

o 

B 

ia 
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a 
o 

6 

1 
S 

o 

a 
•a 

a' 
2 

1— ( 

1899. 

28530 

Sept.   8 

V.  slight. 

V.  slight. 

.06 

11.60 

.0140 

.0080 

1.85 

.0650 

.0001 

.09 

4.3 

.0150 

29496 

Nov.  25  j 

V.  slight. 

None. 

.02 

11.90 

.0010 

.0058 

1.70 

.0610 

.0018 

.09 

4.6 

.0050 

Odor,  none. 
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MONSON. 


Water  Supply  of  Monson. 


Chemical  Examination  of  Water  from  a  Faucet  in  Monson,  supplied  from  the 

Monson  Water  Works. 

[Parts  per  100,000.] 


S 

Appearance. 

s 

Ammonia. 

Nitrogen 

AS 

■d 

a 

S 

r-i    *-• 

u 

I 

12 

o 

3 

1 

o 

5^ 
2H 

6 
2 

o 
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o 
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't-i 

a 

■s 

C3 

o 

!zi 

o 

H 

O 

« 

fe 

< 

O 

iz; 

•a 

o 

83 

1899. 

27225 

May  24 

V.  slight. 

Cons. 

.00 

2.50 

.0000 

.0022 

.12 

.0080 

.0000 

.02 

0.6 

.0140 

27622 

June  28 

None. 

V.  slight. 

.00 

3.00 

.0004 

.0014 

.13 

.0040 

.0000 

.02 

0.8 

.0050 

27947 

Aug.    1 

None. 

V.  slight. 

.00 

3.40 

.0002 

.0006 

.12 

.0020 

.0000 

.02 

1.0 

.0010 

28357 

Aug.  24 

V.  Blight. 

Slight. 

.00 

4.10 

.0000 

.0016 

.13 

.0020 

.0000 

.03 

1.0 

.0300 

28802 

Sept.  27 

None. 

V.  slight. 

.00 

3.70 

.0004 

.0010 

.10 

.0110 

.0000 

.02 

0.8 

.0010 

29221 

Nov.    1 

None. 

V.  slight. 

.00 

3.70 

.0000 

.0020 

.11 

.0060 

.0000 

.03 

1.1 

.0110 

Av... 

.00 

3.40 

.0002 

.0015 

.12 

.0055 

.0000 

.02 

0.9 

.0103 

Odor,  none. 

Water  Supply  of   Turner's   Falls   Fire  District,  Montague. 

Chemical  Examination  of  Water  from,  Lake  Pleasant,  Montague. 

[Parts  per  100,000.] 


Kesidue  on 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

a 

c 

^ 

albuminoid. 

a 

is 

s 

1 

c 

■3 

ft 

■3 

•6 
> 
0 

13 

■a 

c 
0 

1 

03 

'i^ 

0 
c 

•3 
1-1 

s 

o 

0 

0 

0 

S  P. 

j3 

'A 

Q 

Eh                         OJ 

O 

H 

►J 

(^ 

H 

Q 

tfi 

w 

iz; 

^ 

0 

K 

1S99. 

26106 

Feb.     1 

V.  slight. 

V.  slight. 

.05 

2.75 

1.00 

.0058 

.0110 

.0098 

.0012 

.15 

.0020 

.0001 

.12 

0.5 

27008 

May     3 

V.  slight. 

V.  slight. 

.05 

2.20 

0.60 

.0004 

.0066 

.0064 

.0002 

.10 

.0090 

.0000 

.09 

0.2 

28035 

Aug.    2 

V.  slight. 

V.  slight. 

.01 

3.00 

0.80 

.0000 

.0070 

.0066 

.0004 

.11 

.0000 

.0000 

.13 

0.5 

29211 

Nov.    1 

None. 

None. 

.07 

2.20 

0.50 

.0006 

.0082 

.0078 

.0004 

.10 

.0030 

.0000 

.08 

0.3 

Averages  by  Years, 


1888 

.00 

2.33 

0.49 

.0027 

.0071 

_ 

_ 

.09 

.0085 

.0000! 

_ 

1893 

_ 

_ 

.04 

2.28 

0.68 

.0023 

.0115 

.0083 

.0032 

.12 

.0045 

.0000' 

.11 

1894 

_ 

_ 

.04 

2.13 

0.68 

.0022 

.0097 

.0076 

.D02I 

.12 

.0025 

.0000| 

.11 

1895 

_ 

_ 

.05 

2.32 

0.72 

.0023 

.0095 

.0073 

.0022 

.13 

.0056 

.0000 

.11 

1896 

_ 

_ 

.04 

2.22 

0.72 

.0012 

.0097 

.0071 

.0026 

.14 

.0023 

.0000 

.11 

1897 

_ 

_ 

.05 

2.19 

0.67 

.0023 

.0087 

.0079 

.0008 

.14 

.0008 

.OOOOj 

.13 

1898 

_ 

_ 

.07 

2.35 

0.75 

.0022 

.0071 

.0054 

.0017 

.13 

.0020 

.00001 

.14 

1899 

- 

- 

.04 

2.54 

0.72 

.0017 

.0082 

.0076 

.0006 

.11 

.0035 

.0000^ 

.10 

0.6 
0.4 
0.6 
0.4 
0.5 
0.4 
0.4 


Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable.    On  heating,  the  odor  of  the  first  sample 

becanoe  distinctly  fishy  and  oily. The  last  sample  was  collected  from  a  faucet  in  the  town ;  the  others, 

from  the  lake. 


Water  Supply  of  Nahant. 
(See  Swampscott.) 


264 


STATE   BOAED    OF   HEALTH.  [Pub.  Doc. 


nantucket. 

Water  Supply  of  Nantucket. — Wannacomet  Water  Company, 

Chemical  Examination  of  Water  from  Wannacomet  Pond,  Nantucket. 

[Parts  per  100,000.] 


c 
_o 

o 

O 

o 

C3 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

.S 
o 

6 

NiTEOGEN 
AS 

a 

s 

a 
o 
O 

a 
? 

bs 
!>> 

o 

•3 

3 

Eh 

a 

u 

o 

(3 

"3 
I 

c 

si 

o 

6 
St 

albuminoid. 

1 

g 

a 

3 

"3 
1 

■a 
"3 

s 

1    B 
3  P. 
OS 

a 

e 

1 

a 

1899. 

26561 

Mar.  22 

Slight. 

Cons. 

.01 

6.10 

1.55 

.0008 

.0166 

.0122 

.0044 

2.55 

.0030 

.0001 

1.3 

27666 

July    5 

V.  slight. 

V.  slight. 

.05 

7.10 

1.35 

.0016 

.0164 

.0150 

.0014 

2.54 

.0020 

.0000 

1.3 

28670 

Sept.  19 

V.  Blight. 

Slight. 

.10 

7.20 

1.65 

.0014 

.0158 

.0134 

.0024 

2.49 

.0010 

.0000 

2.0 

29572 

Dec.    4 

V.  slight. 

V.  slight. 

.11 

6.45 

1.55 

.0000 

.0120 

.0108 

.0012 

2.39 
2.49 

.0010 

.0000 

1.6 

Av... 

.07 

6.71 

1.52 

.0009 

.0152 

.0128 

.0024 

.0017 

.0000 

1.5 



Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  the  first  sample  became  faintly  fishy. 

Microscopical  Examination  of  Water  from  Wannacomet  Pond,  Nantucket. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Sept. 


Day  of  examination,        .        .        . 
Number  of  sample 

PLANTS. 

Diatomacese 

Astcrionella,  .... 
Cycloiella,  .... 
Synedra 

Cyanophycese,  CcBlosphserium, 

Al&se 

ANIMALS. 
Bhizopoda,  Difflugia, 

Infusoria, 

Ciliated  infusorian,  . 
Dinobryon,        .... 
Dinobryon  cases,      .        .        . 
Peridinium,        .... 

Vermes 

Crustacea,  Daphnia, 

Miscellaneous,  Zoogloea, 

Total 


24 
26561 


27666 


21 
28670 


29572 


5,312 

740 

152 

4,420 


26Q 
0 
0 

260 

0 
0 


786 

567 

12 

760 

0 

12 

0 

0 

561 

0 

S 

4 

0 

0 

244 
0 

244 
0 
0 


6,121 


582 


280 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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ISTATICK. 


Watee  Supply  of  Natick. 
Chemical  Examination  of  Water  fro^n  Dug  Pond,  Natick. 

[Parts  per  100,000.] 


B 
_o 

o 
O 

o 

■S 

03 

o 

Appeaeancb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

.s 

o 

6 

Nitrogen 
as 

•6 

a 

s 

s 

a 

Si 

o 

3 

1 
■-3 
to 

U 

o 

5 

o 

EH 

[S 

albuminoid. 

« 
b. 

g 

% 

a 

s 
'-A 

"3 
o 

Eh 

> 
o 

5 

•6 
•a 

a 
1 

26812 

1899. 

Jan.  2 

V.  slight. 

Slight. 

.20 

5.75 

1.60 

.0024 

.0142 

.0140 

.0002 

.68 

.0230 

.0003 

.22 

2.3 

26069 

Jan.  30 

Slight. 

V.  slight. 

.21 

5.25 

1.50 

.0022 

.0154 

.0138 

.0016 

.68 

.0240 

.0003 

.26 

2.1 

26356 

Feb.  28 

Slight. 

Slight. 

.12 

5.15 

1.75 

.0062 

.0164 

.0146 

.0018 

.59 

.0290 

.0003 

.25 

2.0 

26660 

Apr.  4 

Slight. 

V.  slight. 

.14 

5.05 

1.75 

.0024 

.0144 

.0132 

.0012 

.54 

.0470 

.0002 

.25 

1.6 

26984 

May  1 

V.  slight. 

V.  slight. 

.14 

5.10 

1.60 

.0014 

.0168 

.0144 

.0024 

.53 

.0310 

.0002 

.22 

1.8 

27274 

May  31 

None. 

Slight. 

.08 

4.90 

1.75 

.0008 

.0174 

.0158 

.0016 

.64 

.0210 

.0001 

.24 

2.1 

27654 

July  5 

V.  slight. 

Slight. 

.09 

5.00 

1.35 

.0004 

.0228 

.0194 

.0034 

.64 

.0030 

.0001 

.29 

1.8 

27934 

July  31 

Slight. 

Slight. 

.09 

5.10 

1.30 

.0008 

.0232 

.0206 

.0026 

.54 

.0020 

.0000 

.29 

1.6 

28424 

Aug.  31 

V.  slight. 

Slight. 

.07 

5.55 

1.85 

.0002 

.0216 

.0208 

.0008 

.57 

.0020 

.0000 

.27 

2.0 

28847 

Oct.  2 

Slight. 

V.  slight. 

.10 

4.55 

1.55 

.0018 

.0336 

.0216 

.0120 

.62 

.0030 

.0000 

.29 

2.0 

29201 

Oct.  31 

V.  slight. 

V.  slight. 

.15 

5.00 

1.25 

.0014 

.0188 

.0176 

.0012 

.63 

.0040 

.0000 

.23 

2.2 

29522 

Nov.  28 

V.  slight. 

V.  slight. 

.06 

4.65 

1.25 

.0182 

.0192 

.0172 

.0020 

.60 

.0010 

.0001 

.19 

2.2 

Averages  by  Years 


- 

1888 

- 

.13 

5.24 

1.09 

.0070 

.0228 

- 

- 

.66 

.0197 

.0003 

_ 

_ 

- 

1889 

- 

- 

.16 

5.55 

1.20 

.0046 

.0242 

.0197 

.0045 

.71 

.0292 

.0004 

- 

- 

- 

1890 

- 

- 

.14 

5.85 

1.36 

.0027 

.0199 

.0166 

.0033 

.72 

.0227 

.0002 

- 

2.7 

- 

1891 

- 

.09 

5.71 

1.45 

.0085 

.0207 

.0167 

.0040 

.69 

.0326 

.0003 

- 

2.4 

- 

1892 

- 

- 

.06 

5.38 

1.24 

.0068 

.0173 

.0135 

.0038 

.72 

.0323 

.0001 

- 

2.4 

- 

1893 

- 

- 

.08 

5.28 

1.39 

.0062 

.0192 

.0158 

.0034 

.71 

.0193 

.0003 

.23 

2.1 

- 

1894 

- 

- 

.10 

5.64 

1.65 

.0060 

.0155 

.0132 

.0023 

.80 

.0218 

.0001 

.21 

2.3 

- 

1895 

- 

- 

.13 

6.27 

1.86 

.0044 

.0191 

.0164 

.0027 

.87 

.0312 

.0001 

.24 

2.6 

_ 

1896 

- 

- 

.15 

6.19 

1.77 

.0045 

.0176 

.0147 

.0029 

.86 

.0290 

.0002 

.25 

2.3 

- 

1897 

- 

- 

.12 

5.41 

1.47 

.0063 

.0192 

.0166 

.0026 

.84 

.0130 

.0002 

.25 

2.4 

- 

1898 

- 

- 

.16 

5.21 

1.57 

.0039 

.0168 

.0152 

.0016 

.70 

.0127 

.0002 

.25 

2.1 

- 

1899 

- 

- 

.12 

5.09 

1.54 

.0032 

.0195 

.0169 

.0026 

.60 

.0158 

.0001 

.25 

2.0 

Note  to  analyses  of  1899  :  Odor  of  No.  27654,  distinctly  unpleasant;  of  the  others,  faintly  vegetable 

or  none,  sometimes  becoming  iishy  or  oily  on  heating. The  samples  were  collected  from  a  faucet 

at  the  pumping  station. 
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NATICK. 

Microscopical  Examination  of  Water 

from  Dug  Pond,  Natick. 

[Number  of  organisms  per  cubic  centimeter.] 

1899. 

Jan. 

Jan. 

Mar. 

Apr. 

May. 

May. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Nov. 

Day  of  examination 

3 

31 

1 

6 

2 

31 

6 

1 

1 

3 

1 

29 

Ntunber  of  sample 

25812  26069 

26356 

26660 

26984 

27274 

27654 

27934 

28424 

28847 

29201 

29522 

PLANTS. 

Diatoraacese 

11 

326 

140 

84 

498 

62 

20 

25 

22 

28 

88 

182 

Asterionella,         .... 

Cyclotella 

Melosira, 

Tabellaria 

0 
2 
0 
6 

290 
14 
14 
2 

114 
6 

16 
1 

67 
7 
0 
2 

302 
36 
18 
96 

7 
28 

0 
24 

2 
12 
0 
0 

0 
2 
7 
1 

0 
2 
0 
1 

16 
0 
0 
2 

10 
6 

52 
8 

41 
53 
76 
10 

Cyanophyceee 

0 

0 

0 

0 

0 

0 

174 

34 

8 

0 

0 

0 

Microcystis 

0 

0 

0 

0 

0 

0 

170 

26 

7 

0 

0 

0 

Algee 

1 

14 

12 

6 

36 

6 

39 

22 

2 

26 

50 

8 

ANIMALS. 

Rhizopoda,  Difflugia,  . 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

Infusoria, 

4 

122 

9 

9 

18 

23 

16 

10 

3 

25 

32 

35 

Dinobryon 

3 

120 

3 

0 

16 

21 

0 

0 

1 

18 

32 

35 

Vermes, 

0 

0 

1 

1 

0 

0 

2 

1 

0 

0 

0 

0 

Crustacea,  Cyclops,    . 

pr. 

0 

pr. 

0 

0 

pr. 

0 

0 

0 

0 

0 

pr. 

Miscellaneous,  Zoogloea,   . 

3 

3 

5 

3 

0 

0 

5 

7 

8 

12 

0 

3 

Total 

19 

465 

167 

103 

552 

91 

256 

100 

43 

91 

168 

228 

Water  Supply  of  Needham. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Need- 
ham,  with  reference  to  an  additional  water  supply  for  that  town, 
may  be  found  on  pages  32  to  34  of  this  volume.  Analyses  of 
samples  of  water  collected  from  various  test  wells  in  the  vicinity 
of  a  proposed  new  well,  to  be  located  a  short  distance  east  of  the 
present  well,  are  given  in  the  following  table  :  — 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NEEDHAM. 

Chemical  Ezaminatioji  of  Water  from  the  large  Well  oj  the  Needham  Water  Works. 

[Part8  per  100,000.] 


c 

Appearance. 

a 

Ammonia. 

Nitrogen 

•6 

o 

si 

3  > 

a 
o 

a 

p 

c 

■s 

01 

a 

s 

is 

3 

S 

■■5 

o 
o 

(B 

"5 

1 

5 

e 
o 

S5 

Q 

H 

OD 

O 

M 

Ui 

< 

O 

g 

g 

o 

a 

1899. 

26238 

Feb.  18 

None. 

None. 

.00 

6.80 

.0000 

.0006 

.84 

.2550 

.0000 

.02 

2.5 

.0010 

26684 

Apr.    7 

None. 

None. 

.00 

6.30 

.0000 

.0018 

.74 

.2350 

.0000 

.02 

2.0 

.0020 

26965 

Apr.  27 

None. 

None. 

.00 

7.00 

.0000 

.0010 

.73 

.2100 

.0000 

.02 

1.8 

.0000 

27219 

May  23 

None. 

None. 

.00 

5.80 

.0000 

.0014 

.66 

.1480 

.0000 

.01 

1.7 

.0020 

27463 

June  19 

None. 

None. 

.00 

6.50 

.0006 

.0012 

.67 

.2080 

.0000 

.02 

1.7 

.0020 

28128 

Aug.  10 

None. 

None. 

.02 

7.00 

.0000 

.0004 

.76 

.2750 

.0000 

.02 

2.0 

.0020 

28195 

Aug.  14 

None. 

None. 

.00 

7.50 

.0000 

.0002 

.76 

.2350 

.0000 

.02 

2.0 

.0010 

29066 

Oct.   18 

None. 

None. 

.04 

5.70 

.0000 

.0006 

.66 

.1240 

.0000 

.03 

2.3 

.0050 

29693 

Dec.  19 

None. 

None. 

.00 

6.40 

.0000 

.0008 

.74 

.1900 

.0000 

.02 

1.7 

.0020 

Averages  by  Tears. 


1893 
1894 
1896 
1897 
1898 
1899* 


.00 

5.28 

.0000 

.0007 

.63 

.1230 

.0000 

.05 

1.9 

.01 

5.18 

.0013 

.0005 

.66 

.1367 

.0000 

.01 

1.7 

.00 

6.65 

.0000 

.0009 

.90 

.1575 

.0000 

.02 

2.0 

.00 

5.90 

.0000 

.0020 

.82 

.1600 

.0000 

.06 

1.8 

.01 

7.08 

.0003 

.0012 

.88 

.2200 

.0000 

.02 

2.3 

.01 

6.44 

.0001 

.0009 

.72 

.2004 

.0000 

.02 

2.0 

.0000 
.0020 
.0010 
0000 
.0015 
.0021 


Note  to  analyses  of  1899  :  Odor,  none. No.  26684  was  collected  from  the  well;  the  others,  from 

a  faucet  in  the  pumping  station. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 


Chemical  Uxamination  of  Water  from  Tubular  Test  Wells  in  Needham. 

[Parts  per  100,000.] 


a 

Appeakance. 

Ammonia.    I 

JflTKOGEN 

TJ 

Zi 

of 

AS 

a 

3 

s 

^ 

■6 

1 

s 

■So 

■3 

-3 

i 

0 

<a  a 

s  > 

6 

0 

c 

0 

s 

=0 

1 

0) 

'A 

Q 

H 

tc 

0 

03 

El. 

< 

6 

'A 

IZi 

0 

M 

1899. 

26958 

Apr.  27 

Decided. 

Cons. 

.05 

7.90 

.0000 

.0014 

.73 

.2100 

.0002 

.02 

2.0 

.0020 

27145 

May   IS 

Decided. 

Cons. 

.05 

7.40 

.0000 

.0008 

.76 

.2600 

.0003 

.01 

2.1 

.0040 

26959 

Apr.  27 

None. 

V.  slight. 

.01 

8.50 

.0000 

.0012 

.88 

.3250 

.0002 

.02 

2.5 

.0070 

27146 

May   18 

None. 

None. 

.00 

7.80 

.0000 

.0008 

.94 

.3225 

.0003 

.01 

2.3 

.0050 

26960 

Apr.  27 

None. 

None. 

.00 

6.70 

.0000 

.0012 

.87 

.3000 

.0000 

.02 

2.1 

.0020 

27147 

May   18 

Decided. 

Cons. 

.10 

10.50 

.0000 

.0014 

.71 

.2425 

.0000 

.01 

2.0 

.0150 

26961 

Apr.  27 

Slight. 

Slight. 

.05 

9.50 

.0012 

.0018 

.98 

.5400 

.0003 

.02 

2.7 

.0010 

27148 

May   18 

Slight. 

Cons. 

.01 

7.90 

.0000 

.0010 

.95 

.3750 

.0003 

.02 

2.6 

.0020 

26962 

Apr.  27 

None. 

None. 

.00 

9.90 

.0000 

.0012 

.95 

.5600 

.0000 

.02 

2.7 

.0010 

27149 

May   18 

Decided. 

Cons. 

.02 

8.10 

.0000 

.0010 

.96 

.3800 

.0000 

.01 

2.6 

.0020 

26963 

Apr.  27 

None. 

None. 

.00 

8.30 

.0000 

.0012 

.84 

.3650 

.0000 

.02 

2.5 

.0010 

27150 

May  18 

Decided. 

Cons. 

.02 

8.00 

.0000 

.0010 

.86 

.3550 

.0000 

.01 

2.3 

.0030 

26964 

Apr.  27 

None. 

None. 

.00 

6.50 

.0000 

.0012 

.66 

.1600 

.0000 

.01 

1.8 

.0010 

27151 

May   18 

Slight. 

Slight. 

.02 

7.50 

.0000 

.0018 

.95 

.3700 

.0002 

.01 

2.1 

.0020 

28127 

Aug.  10 

None. 

None. 

•00 

7.70 

.0000 

.0010 

.85 

.3800 

.0000 

.01 

2.1 

.0020 

Odor,  none. The  samples  were  collected  from  test  wells  located  easterly  and  south  easterly  from 

the  present  large  well.  Nos.  26958  and  27145  were  collected  from  well  No.  19;  Nos.  26959  and  27148, 
from  well  No.  20;  Nos.  26960  and  27147,  from  well  No.  21 ;  Nos.  26961  and  27148,  from  well  No.  22;  Nos. 
26962  and  27149,  from  well  No.  23;  Nos.  26963  and  27150,  from  well  No.  26;  Nos.  26964  and  27161,  from 
well  No.  28;  and  No.  28127,  from  a  system  of  8  tubular  wells  located  near  the  large  well.  Water  from 
these  wells  is  pumped  into  the  large  well. 
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new  bedford. 

Water  Supply  of  New  Bedfoed. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  New  Bedford 

Water  Works  in  Acushnet. 

[Parts  per  100,000.] 


Residue  on 

!S 

Appearance. 

EVAPOEA- 

Ammonia. 

NiTEOGBN 

1 

o 

TION. 

a 

tk 

c 
o 

ALBUMINOID. 

■o 

13 

S 

.a 

a 

o 

3 

B 

c 

o 

"3 

'Is 

6 

"3 

> 
o 

•a 

I 

c 

a 

o 

2 

3  P. 

Si 

,2 

'A 

O 

EH 

00 

O 

Eh 

1-J 

Ph         H 

a 

tc 

O 

tz; 

let 

o 

S 

1899. 

28341 

Aug.  23 

V.  slight. 

V.  slight. 

0.70 

4.65 

2.15 

.0002 

.0296 

.0272 

.0024 

.48 

.0010 

.0000 

0.78 

1.0 

29444 

Nov.  20 

V.  Blight. 

V.  slight. 

1.00 

5.20 

2.70 

.0030 

.0308 

.0298 

.0010 

.58 

.0010 

.0000 

11.07 

0.8 

Odor,  vegetable. 

Chemical  Examination  of  Water  from  the  Go7iduit  of  the  New  Bedford  Water  Works. 

[Parts  per  100,000.] 


c 
o 

o 
U 

"! 

Q 

Appearance. 

KESIDUE  ON 

Evapora- 
tion. 

Ammonia. 

c 
i~t 

o 

.54 

.46 
.53 

.51 

Nitrogen 

AS 

■a 

a 

3 

e 

a 

e 
o 

1 

EH 

§ 

•3 

o 

8 

o 

Eh 

c 
.2 

Zs 

o 

IB 

1^ 

albuminoid. 

£ 
g 

g 

S3 

t 
s 
Izi 

s 

o 

i 
> 

o 

(5 

■a 

S  p. 

a 

26270 
26756 
27566 

1899. 

Feb.   19 
Apr.  12 
June  24 

V. 
V. 

V. 

slight. 
Blight, 
slight. 

V.  Blight. 
Blight. 
V.  slight. 

.70 
.52 
.98 

4.25  1  1.85 
3.50     2.00 
4.35     2.00 

.0028 
.0024 
.0032 

.0154 
.0164 
.0298 

.0144 
.0152 
.0280 

.0010 
.0012 
.0018 

.0060 
.0020 
.0040 

.0040 

.0001 
.0000 
.0000 

.73 

.67 
.86 

.75 

0.8 
0.0 
0.3 

Av... 

.73 

4.03 

1.95 

.0028 

.0205 

.0192 

.0013 

.0000 

0,4 

Odor,  faintly  vegetable  The  samples  were  collected  from  the  conduit,  at  its  entrance  to  the 

receiving  reservoir,  and  represent  water  from  the  storage  reservoir. 

Chemical  Examination  of  Water  from  a  Faucet  at  City  Hall,  New  Bedford. 

[Parts  per  100,000.] 


c 
.2 

Appearance. 

Kesidoe  on 
Evapora- 
tion. 

1 
Ammonia. 

Nitrogen 
as 

•6 

a 

1=1 
o 

>> 

^ 

1       ^ 

albuminoid. 

§ 
0 

o 

•a 

oJ 

1 

a 

s 

!2 

3 

1 

i 

a 

i 

■3 

> 

0 

1  c 

c 
0 

la 

a 
b 

1 

9 

o 

Izi 

a 

Eh 

cc 

o 

E< 

J 

Eh 

Eh 

Q    1  =0      j 

0 

A 

0 

a 

1899. 

28342 

Aug.  23 

V.  slight. 

V.  slight. 

.14 

3.60 

1.70 

.  00021. 0202 1. 01 72 

.0030 

.40 

.0020 

.0000 

.35 

0.5 

28732 

Sept.  25 

v.  slight. 

V.  slight. 

.08 

3.25 

1.60' 

. 00081. 0200!. 0190 

.0010 

.46 

.0000 

.0001 

.30 

0.8 

29117 

Oct.   24 

V.  slight. 

V.  slight. 

.13 

3.05 

1.35 

.0010'.0172  .0166 

.0006' 

.49 

.0020 

.0000 

.35 

0.5 

29445 

Nov.  20 

V.  slight. 

V.  slight. 

.21 

2.95 

1.20 

.0006'. 01 72  .0162 

.0010, 

.49 

.0010 

.0000 

.28 

0.6 

29813 

Dec.  29 

V.  slight 

V.  slight. 

.34 

.18 

3.20 

1.30 

.0004. 0160  .0150 

.0010 

.50 
.47 

.0010 

.0000 

.37 
.33 

0.6 

Av... 

3.21 

1.43 

.0006 

.0181 

.0168 

.0013 

.0012 

.0000 

0.6 

Odor,  none.    On  heating,  the  odor  of  most  of  the  samples  was  vegetable,  and  of  the  first  and  fourth, 
faintly  unpleasant. 
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NEW^  BEDFORD. 
Chemical  Exayninatioji  of  Water  from  Little  Quittacas  Pond,  Lakeville. 

[Parts  per  100,000.] 


a 
o 

V 

o 

o 

S 
"S 
Q 

Appearance. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

1 

STitbogen 

AS 

a 

3 

s 

o 

o 

B 
CD 
61 

t^ 
X 

o 

3 

Eh 

c 
at 

a 

•3 

o 
o 
O 

o 

o 

§1 

3 

Pa 

ALBUMINOID. 

1 
g 

! 

.o 

a 

3 

o 

H 

13 
> 

5 

•a 

•a 
1  d 
m  » 
s  o. 

CO 

i 

a 
■e 

a 

1899. 

26273 

Feb.  19 

V.  slight. 

Slight. 

.25 

3.45 

1.40 

.0036 

.0172 

.0152 

.0020 

.51 

.0020 

.0000 

.40 

0.8 

26759 

Apr.  12 

V.  Blight. 

Slight. 

.22 

3.35 

1.80 

.0006 

.0158 

.0132 

.0026' 

.44  j 

.0010 

.0000 

.35 

0.3 

27564 

June  24 

V.  slight. 

V.  Blight. 

.20 

3.15 

1.25 

.0022 

.0182 

.0178 

.0004 

.44 

.0000 

.0000 

.35 

0.3 

28344 

Aug.  23 

V.  slight. 

Slight. 

.20 

3.45 

1.70 

.0002 

.0228. 0184 

.0044 

.46 

.0010 

.0000 

.43 

0.6 

28886 

Oct.     4 

V.  slight. 

V.  slight. 

.12 

3.00 

1.00 

. 0004'. 0184i. 0180!. 0004' 

.48 

.0000 

.0000 

.35 

0.6 

29132 

Oct.   24 

Slight. 

V.  slight. 

.20 

3.70 

1.35 

.0012  .0186 

.0180 

.0006 

.46 

.0020 

.0000 

.34 

0.6 

29685 

Dec.  18 

V.  slight. 

Slight. 

.21 

3.25 

1.35 

.0000  .0174 

.0166 

.0008 

.52 

.0010 

.0000 

.35 

0.5 

29776 

Dec.  26 

V.  slight. 

V.  slight. 

.20 

3.20 

1.85 

.0002  .0166 

.0160 

.0006 

.48  ! 

.0010 

.0000 

.37 

0.6 

Averages  by  Tears. 


1893 
1894 
1895 
1896 
1897 


.11 

3.02 

1.23 

.0015 

.0156 

.0128 

.0028 

.48 

.0025 

.0000   .29 

- 

.18 

2.91 

0.95 

.0002 

.0165 

.0137 

.0028 

.48 

.0008 

.0000  '.31 

_ 

.18 

3.17 

1.25 

.0008 

.0162 

.0137 

.00251 

.51 

.0037 

.0000   .31 

- 

.21 

3.17 

1.27 

.0003 

.0194 

.0157 

.0037! 

.53 

.0033 

.0000^36 

_ 

.18 

3.04 

1.07 

.0007 

.0188 

.0146 

.0042 

.56 

.0020 

.0000   .30 

_ 

.21 

3.31 

1.32 

.0002 

.0175 

.0150 

.0025 

.55 

.0007 

.0000!  .35 

- 

.20 

3.33 

1.44 

.0012 

.0183 

.0165 

.0018 

.47 

.0010 

.0000  .37 

0.6 
0.7 
0.7 
0.7 
0.7 
1.1 
0.5 


Note  to  analyses  of  1899  :  Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  the  first  sample 
became  faintly  fishy. 

*  "Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 


Microscopical  Examination  of  Water  from  Little  Quittacas  Pond,  Lakeville. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Feb. 

Apr. 

June. 

Aug. 

Oct. 

Oct. 

Dec. 

Dec. 

Day  of  examination, 

Number  of  sample,  .... 

21 
26273 

14 

26759 

26 
27564 

24 
28344 

5 

28886 

26 
29132 

19 
29685 

27 
29776 

PLANTS. 
Diatomacese,     .... 

Asterionella 

Synedra 

Cyanophycese 

Anabsena 

Algee 

Protococcus 

110 

0 
108 

0 
0 

0 

0 

1,504 

932 

548 

0 

0 

4 
0 

6 

0 
5 

15 
14 

4 
0 

11 

1 
7 

17 
17 

2,004 
2,000 

11 

0 
6 

0 
0 

0 
0 

3 

0 
3 

0 
0 

0 
0 

17 

0 
17 

0 
0 

3 
0 

33 

16 
15 

0 
0 

0 

0 
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N^W  BEDFORD. 

Microscopical  Examination  of  Water  from  Little  Quittacas  Pond,  Lakeville  — 

Concluded. 

[Number  of  organisme  per  cubic  centimeter.] 


1S99. 

Feb. 

April. 

June. 

Aug. 

Oct. 

Oct. 

Dec. 

Dec. 

ANIMALS. 
Infusoria, 

Dlnobryon,         .... 
Vermes,  Notholca, 
Crustacea,  Cyclops,  . 

146 
144 

0 

0 

192 

188 

1 
0 

1 
0 

0 

0 

3 

0 

0 
pr. 

4 

4 

0 
0 

0 
0 

0 

0 

0 

0 

0 
0 

1 
0 

0 

0 

Miscellaneous,  Zoogloea,  ...            5 

12 

5 

15 

5 

5 

3 

3 

Total 

261 

1,713 

31 

2,050 

20 

8 

23 

37 

Chemical  Examination  of  Water  from  Great  Quittacas  Pond,  Lakeville. 

[Parts  per  100,000.] 


A 

verag 

es  by 

Tears. 

- 

1894 

- 

- 

.49 

3.30 

1.35 

.0002 

.0154 

.0139 

.0015 

.50 

.0017 

.0000 

.50 

0.6 

- 

1895 

- 

- 

.40 

3.30 

1.22 

.0001 

.0154 

.0133 

.0021 

.53 

.0020 

.0000 

.52 

0.6 

- 

1896 

- 

- 

.52 

3.82 

1.67 

.0005 

.0198 

.0173 

.0025 

.55 

.0030 

.0000 

.75 

0.7 

- 

1897 

- 

- 

.54 

3.56 

1.47 

.0005 

.0160 

.0148 

.0012 

.58 

.0002 

.0000 

.58 

0.7 

- 

1898 

- 

- 

.65 

3.81 

2.00 

.0005 

.0197 

.0180 

.0017 

.57 

.0005 

.0000 

.77 

0.9 

- 

1899 

- 

- 

.43 

3.53 

1.64 

.0006 

.0182 

.0164 

.0018 

.49 

.0012 

.0000 

.60 

0.4 

NoTB  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable  or  none.    On  heating,  the  odor  of  some 
of  the  samples  became  stronger. 
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NEW  BEDFORD. 

Microscopical  Examination  of  Water  from  Great  Quittacas  Pond,  Lakeville. 

[Number  of  organiBms  per  cubic  centimeter.] 


Apr. 


Aug. 


Day  of  examination,  . 
Number  of  sample,     .        . 

PLANTS. 
Diatomacess, 
Asterionella, 

Cyanophyceee,    . 

AlgSB 

ANIMALS, 
Rhizopoda,  Actinophrys, 

Infusoria,       .      .       .      . 

Dinobryon,    .        .        .        . 
Uroglena 

Vermes,  .      .      .      .    •■ . 

Crustacea,  Cyclops,     , 

Miscellaneous,  Zooglcea,    . 

Total, 


21 
26272 


14 

26758 


26 
27563 


24 
28343 


13 

29643 


538 

506 

0 
0 


38 


42 


594 


12 


Chemical  Examination  of  Water  from  Long  Pond,  Lakeville. 

[Parts  per  100,000.] 


Kesidue  on 

e 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

•a 

1 

tion. 

i 

a 

s 

albuminoid. 

5 

>i 

c 

■a 

■a 

6 

O 

m 

s 

o 

2 
S 

u 

a 

"3 

°5) 

"3 

> 
o 

•a 

a 

s 

'u 

g 

1 

!zi 

Q 

EH 

cc 

O 

H 

hJ 

u 

Eh 

O 

m 

D 

a 

'A 

o 

w 

1899. 

26271 

Feb.   19 

V.  slight. 

V.  slight. 

0.96 

4.25 

2.50 

.0012 

.0182 

.0178 

.0004 

.47 

.0010 

.0000 

1.18 

0.3 

26757 

Apr.  12 

V.  Blight. 

V.  slight. 

0.69 

3.35 

2.00 

.0004 

.0166 

.0162 

.0004 

.37 

.0010 

.0000 

0.78 

0.0 

27565 

June  24 

V.  slight. 

V.  slight. 

0.64 

3.00 

1.50 

.0014 

.0192 

.0182 

.0010 

.46 

.0010 

.0000 

0.72 

0.2 

29644 

Dec.  12 

V.  slight 

Slight. 

0.71 

3.70 

1.65 

.0006 

.0194 

.0188 

.0006 

.47 

.0020 

.0000 

0.79 

0.2 
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NEW  BEDFORD. 

Chemical  Examination  of  Water  from  Long  Pond,  Lakeville- 
Averages  by  Years. 

[PartB  per  100,000.] 


Concluded. 


i 
1 

o 

APPEABANCE. 

Residue  ok 

EVAPOKA- 
TION. 

Ammonia. 

_g 
o 

6 

.47 

Nitrogen 

as 

1 

c 

6 

c 

0) 

l» 

!») 

o 

■•s 

a 

a 

a; 

i 

6 

"3 
o 

c 
o 

6 
u 

albuminoid. 

1 
% 

£ 

a 

9 

"3 
o 

o 

■6 
■a 

3  O. 

c 
B 

- 

1894 

- 

- 

1.00 

3.80 

1.94 

.0002 

.0183 

.0162 

.0021 

.0013 

.0000 

0.90 

0.5 

- 

1895 

- 

- 

0.89 

4.07 

2.25 

.0002 

.0190 

.0167 

.0023 

.53 

.0010 

.0000 

0.95 

0.5 

- 

1896 

- 

- 

0.95 

4.17 

2.17 

.0005 

.0219 

.0193 

.0026 

.53 

.0007 

.0000 

1.16 

0.5 

- 

1897 

- 

- 

0.96 

4.00 

2.00 

.0004 

.0203 

.0191 

.0012 

.56 

.0010 

.0000 

0.87 

0.6 

- 

1898 

- 

- 

1.06 

4.21 

2.46 

.0004 

.0217 

.0204 

.0013 

.49 

.0012 

.0000 

1.13 

0.6 

- 

1899 

- 

- 

0.75 

3.57 

1.91 

.0009  .0183  .0177 

.0006 

.44 

.0012 

.0000 

0.87 

0.2 

Note  to  analyses  of  1899  :  Odor,  faintly  vegetable  or  none ;  on  heating,  the  odor  of  all  of  the  samples 
was  vegetable,  and  of  the  second  sample,  also  mouldy. 


Water  Supply  or  Newburyport. 
Chemical  Examination  of  Water  from  the  Newburyport  Water  Works. 

[Parts  per  100,000.] 


c 
_o 

o 

Appeakancb. 

o 

ll 

Ammonia. 

6 
c 

o 

Nitrogen 

AS 

1 

3 

□ 
o 

3 
hi 

3] 

J2 
S 
3 

2 

3 

3 

1 

■S 

c 

o 
"3 
o 

2 
o 

c 

< 

1 

B 

o 

25954 
26463 
27104 
27790 
28646 
29374 

1899. 

Jan.  16 

Mar.  13 
May  15 
July  17 
Sept.  18 
Nov.  13 

Slight. 

Slight, 

Slight, 

milky. 
V.  slight. 

Slight. 

Decided. 

V.  slight. 
V.  slight. 
Slight. 
V.  slight. 
Cons. 
Slight. 

.13 
.09 
.08 
.03 
.12 
.07 

6.10 

5.50 
4.80 
6.20 
5.90 
7.00 

.0020 
.0006 
.0000 
.0000 
.0000 
.0006 

.0076 
.0036 
.0032 
.0008 
.0024 
.0060 

.47 
.63 
.49 
.48 
.52 
.50 

.0140 

.0270 
.0300 
.0220 
.0180 
.0310 

.0000 
.0000 
.0000 
.0000 
.0001 
.0000 

.17 

.08 
.07 
.08 
.07 
.05 

2.0 
2.1 
2.0 
2.3 
2.5 
2.3 

.0100 
.0110 
.0100 
.0070 
.0380 
.0390 

Av... 

.09 

5.92 

.0005 

.0039 

.51 

.0237 

.0000 

.09 

2.2 

.0192 

Odor,  none.    A  faintly  vegetable  odor  was  developed  in  the  first  two  samples  on  beating. The 

first  sample  was  collected  from  the  storage  basin ;  the  others,  from  faucets  in  the  town. 
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NEAVTOlSr. 


Watee  Supply  of  Newton. 


Ghemical  Examination  of  Water  from  a  Faucet  at  the  Newton  Water   Works 

Pumjmig  Station. 

[Parts  per  100,000.] 


c 
o 

Appeakance. 

Ammonia. 

Nitrogen 

AS 

s 

C3 

S 

a 

1 
■3 

1 

it 

H,  OS 

3  > 

"2 
"3 

1 

1 

*S 

c 
"S 

03 

a 
Q 

Izi 

Q 

Eh 

03 

Q 

M 

Ea 

< 

o 

^ 

^ 

o 

K 

1-4 

1S99. 

25951 

Jan.   16 

None. 

None. 

.01 

5.50 

.0008 

.0022 

.48 

.0480 

.0000 

.06 

2.3 

.0030 

26228 

Feb.  13 

None. 

None. 

.00 

6.80 

.0000 

.0012 

.43 

.0400 

.0000 

.02 

2.1 

.0010 

26459 

Mar.  13 

None. 

None. 

.03 

5.20 

.0010 

.0026 

.43 

.0320 

.0000 

.06 

2.2 

.0000 

26681 

Apr.    6 

None. 

V.  slight. 

.00 

5.00 

.0000 

.0012 

.39 

.0340 

.0000 

.02 

1.6 

.0010 

27103 

May  15 

None. 

None. 

.00 

6.80 

.0000 

.0018 

.41 

.0270 

.0000 

.02 

3.0 

.0010 

27470 

June  19 

None. 

None. 

.00 

5.50 

.0006 

.0024 

.50 

.0530 

.0000 

.06 

2.2 

.0010 

27789 

July  17 

None. 

None. 

.01 

6.70 

.0006 

.0014 

.43 

.0190 

.0000 

.03 

2.2 

.0020 

28213 

Aug.  14 

None. 

None. 

.02 

6.00 

.0000 

.0030 

.44 

.0210  1.0000 

.11 

2.1 

.0020 

28645 

Sept.  18 

None. 

None. 

.02 

6.20 

.0000 

.0026 

.45 

.0240 

.0000 

.05 

2.5 

.0020 

29033 

Oct.   16 

None. 

None. 

.00 

5.90 

.0008 

.0028 

.45 

.0180 

.0000 

.10 

2.6 

.0010 

29368 

Nov.  13 

None. 

V.  slight. 

.02 

6.50 

.0014 

.0052 

.49 

.0210 

.0000 

.09 

2.6 

.0100 

29684 

Dec.  18 

V.  slight. 

None. 

.08 

5.00 

.0010 

.0078 

.56 

.0130 

.0000 

.21 

2.0 

.0100 

Averages  by  Years. 


1888 

.01 

4.64 

.0009 

.0111 

.35 

.0072 

.0001 

. 

1889 

- 

_ 

.01 

4.01 

.0002 

.0061 

.30 

.0119 

.0001 

- 

- 

1892 

_ 

_ 

.02 

5.13 

.0006 

.0028 

.35 

.0190 

.0001 

_ 

2.4 

1893 

- 

_ 

.03 

5.08 

.0004 

.0019 

.38 

.0194 

.0000 

.09 

2.3 

1894 

- 

_ 

.03 

5.99 

.0001 

.0021 

.40 

.0157 

.0000 

.05 

2.7 

1895 

- 

- 

.03 

5.85 

.0001 

.0023 

.42 

.0230 

.0000 

.06 

2.4 

1896 

- 

_ 

.02 

5.70 

.0007 

.0024 

.41 

.0260 

.0000 

.06 

2.6 

1897 

_ 

- 

.04 

5.80 

.0005 

.0027 

.46 

.0350 

.0000 

.07 

2.8 

1898 

- 

- 

.04 

6.18 

.0002 

.0024 

.47 

.0364 

.0000 

.07 

2.8 

1899 

- 

- 

.02 

5.84 

.0005 

.0028 

.45 

.0292 

.0000 

.07 

2.3 

0179 

0119 
.0110 
.0146 

0108 
.0122 

0032 
.0028 


Note  to  analyses  of  1899 :  Odor,  none.    A  vegetable  odor  was  developed  in  the  last  sample  on 
heating. 


Water  Supply  of  North  Adams. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health 
of  North  Adams,  relative  to  the  quality  of  water  drawn  from  wells 
in  the  central  part  of  the  city  as  an  auxiliary  source  of  water  sup- 
ply, may  be  found  on  pages  35  and  36  of  this  volume.  The  results 
of  analyses  of  samples  of  water  collected  from  the  wells  are  giv«n 
in  the  following  table. 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
North  Adams,  relative  to  the  use  of  ice  from  Hudson  Brook,  in 
Clarksburg,  may  be  found  on  pages  107  and  108  of  this  volume. 
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NORTH  ADAMS. 

Chemical  Examination  of  Water  from  Notch  Brook  Storage  Reservoir,  North 

Adams. 

[Parts  per  100,000.] 


c 

Appearamce. 

Residue  on 
Evapora- 

Ammonia. 

NiTEOOBN 

a 

s 

a 
o 
U 

c 

1 

o 
o 

tion. 

o 

2 
S 

3 

a 
3 

o 
o 

o 

c 
o 

§1 

oot— ( 

£ 

ALBUMINOID. 

5 

1 

1 

o 

m 

OQ 

■a 

1   B 

s  p. 

a 

at 

Q 

El 

m 

O 

H 

a 

I^ 

EH 

o 

a 

O 

^ 

^ 

o 

K 

1899. 

26405 

Mar.    7 

Slight. 

Cons. 

.06 

7.00 

0.95 

.0026 

.0034 

.0024 

.0010 

.04 

.0080 

.0002 

.08 

6.0 

26950 

Apr.  26 

V.  slight. 

Slight. 

.06 

4.80 

0.60 

.0008 

.0054  .0032 

.0022 

.05 

.0030 

.0001 

.15 

3.4 

28377 

Aug.  26 

V,  slight. 

Slight. 

.04 

9.25 

1.25 

.0020 

.0092  .0084 

.0008 

.05 

.0010 

.0000 

.18 

6.3 

29170 

Oct.   26 

Slight. 

Cods. 

.05 

10.10 

1.35 

.0040 

.0104  .0062 

.0042 

.10 
.06 

.0020 

.0000 

.15 
.14 

8.5 

Av... 

.05 

7.79 

1.04 

.0023 

.0071 

.0061 

.0020 

.0030 

.0001 

5.8 

Odor  of  the  first  three  samples,  none;  of  the  last,  very  faintly  unpleasant,  becoming  distinctly  un- 
pleasant and  fishy  on  heating. 

Chemical  Examination  of  Water  from  Broad  Brook  in  Pownal,  Vt. 

[Parts  per  100,000.] 


c 

i 

o 

B 

a 

Appeahance. 

Eesidue  on 
Evapora- 
tion. 

Ammonia. 

0) 

c 

i 

O 

.04 
.05 

.05 
.09 

.06 

NITBOGBN 
AS 

i 

3 
go 

s 
o 
u 

a 
a 

o 

■a 
1 

3 

1 

u 

o 
o 
O 

t 
o 
H 

c 
o 

o 
1-3 

ALBUMINOID. 

1 

OQ 

2 

u 

a 

3 

'A 

•6 
"3 

Q 

1  c 

3  P. 
33 

c 

26404 
26949 
28376 
29169 

1899. 

Mar.    7 
Apr.  26 
Aug.  25 
Oct.   26 

V.  slight. 
V.  slight. 
None. 
V.  slight. 

Cons. 
V.  slight. 
V.  slight, 
V.  slight. 

.07 
.34 
.13 
.20 

.18 

4.00 
2.50 
4.65 
3.95 

1.05 
1.20 
1.50 
1.50 

.0002 
.0004 
.0006 
.0008 

.0098 
.0114 
.0062 
.0066 

.0026 
.0100 
.0058 
.0064 

.0072 
.0014 
.0004 
.0002 

.0130 
.0120 
.0180 
.0210 

.0001 
.0000 
.0000 
.0000 

.16 
.68 
.28 
.29 

2.3 
0.8 
2.2 
2.2 

Av... 

3.77 

1.31 

.0005 

.0085 

.0062 

.0023 

.0160 

.0000 

.35 

1.9 

Odor,  none.    On  heating,  the  odor  of  the  third  sample  became  faintly  vegetable;  of  the  fourth, 
faintly  unpleasant. 

Chemical  Examination  of  Water  from  Tubular  Wells  used  as  an  Auxiliary  Supply 

for  North  Adams. 

[Parts  per  100,000.] 


c 

Appearance. 

a 

Ammonia. 

NiTBOGBN 

■s 

i 

a 

1 

3 

o 
S 

•5 

c 

1 
-3 

c 

o 

§1 
a)  « 

3  > 

2 

!2 
o 

c 

e 
o 

g 

i 

s 
■a 
•a 

g 

^ 

a 

E-i 

oa 

O 

« 

6^ 

< 

6 

S?i 

1^ 

o 

m 

1899. 

29011 

Oct.   12 

None. 

None. 

.01 

17.90 

.0000 

.0018 

.33 

.0660 

.0000 

.38 

10.6 

.0010 

Odor,  none. The  sample  was  collected  from  a  faucet  in  the  pnmping  station. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NORTH  ADAMS. 

The  advice  of  the  State  Board  of  Health  to  N.  L.  Millard  &  Co., 
with  reference  to  the  use  of  water  from  two  wells  beneath  their 
factory  for  drinking  purposes,  may  be  found  on  page  35  of  this 
volume.  The  results  of  analyses  of  samples  of  water  collected 
from  the  wells  are  o-iven  in  the  followins;  table  :  — 

Chemical  Examination  of  Water  from  the  Well  at  the  Factory  of  N.  L.  Millard  & 

Co.,  in  North  Adams. 

[Parts  per  100,000.] 


c 

Appearance. 

□ 

Ammonia. 

NITBOGEN 

"d 

'3 

3  > 

•acq 

1 

s 

1 

3 

3 

1 

o 

i 

-3 

c 

c 

is 

1 

2 

5 

5" 

a 

g 

^ 

Q 

H 

OJ 

O 

» 

u* 

< 

o 

'A 

!zi 

O 

EC 

1899. 

26563 

Mar.  22 

None. 

V.  slight. 

.01 

49.40 

.0000 

.0026 

1.63 

1.0000 

.0000 

.05 

33.5 

.0020 

26564 

Mar.  23 

None. 

V.  slight. 

.01 

63.70 

.0000 

.0020 

1 

1.51 

1.0000 

.0000 

.06 

35.5 

.0020 

Odor,  none. 


Water  Supply  of  Northampton. 

Chemical  Examination  of  Water  from  Roberts'*  Meadow  Brook,  just  above  the 
Middle  Beservoir  of  the  Northampton  Water  Works. 

[Parts  per  100,000.] 


Eesidue  on 

c 

Appeakance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

3 
a 

s 

albuminoid. 

O 

>. 

■d 

•6 

aj 

0 

i 

.a 

o 

3 

a 

■3 

o 

"3 

Is 

a 

"a 
o 

> 

,    3 
3  O. 

■3 

*n 

1 

1 

a 

|Zi 

Q 

H 

m 

U 

B 

iJ 

b 

H 

Q 

03 

o 

■A 

A 

0 

n 

1S99. 

26020 

Jan.  24 

None. 

V.  Blight. 

.11 

3.40 

0.90 

.0002 

.0032 

.0032 

.0000 

.10 

.0040 

.0000 

.15 

1.1 

26288 

Feb.  21 

V.  Blight. 

V.  Blight. 

.10 

3.65 

1.15 

.0024 

.0052 

.0048 

.0004 

'.08 

.0020 

.0001 

.16 

3 

26550 

Mar.  21 

V.  Blight. 

V.  Blight. 

.10 

3.15 

1.00 

.0032 

.0072 

.0064 

.0008 

.06 

.0050 

.0000 

.21 

0 

26945 

Apr.  25 

V.  Blight. 

V.  Blight. 

.21 

2.40 

1.10 

.0008 

.0092 

.0076 

.0016 

.07 

.0010 

.0001 

.31 

8 

27205 

May  22 

V.  Blight. 

V.  Blight. 

.16 

3.50 

1.00 

.0010 

.0082 

.0060 

.0022 

.07 

.0030 

.0001 

.24 

3 

27911 

July  26 

Slight. 

Cons. 

.33 

4.25 

1.60 

.0020 

.0240 

.0152 

.0088 

.07 

.0040 

.0000 

.51 

6 

28361 

Aug.  24 

Slight. 

Slight. 

.23 

4.50 

1.05 

.0032 

.0132 

.0096 

.0036 

.09 

.0010 

.0000 

.24 

0 

28799 

Sept.  27 

Slight. 

Slight. 

.50 

5.40 

1.75 

.0016 

.0220 

.0156 

.0064 

.13 

.00201.0000 

.78 

8 

29142 

Oct.   24 

V.  Blight. 

V.  slight. 

.30 

5.00 

1.65 

.0010 

.0116 

.0110 

.0006 

.16 

.ooioLoooi 

.40 

8 

29446 

Nov.  20 

V.  Blight. 

V.  slight. 

.19 

4.15 

1.10 

.0004 

.0086 

.0080 

.0006 

.11 

.OOlOj.OOOl 

.27 

8 

29790 

Dec.  26 

V.  Blight. 

V.  Blight. 

.38 

3.85 

1.50 

.0002 
.0015 

.0110 
.0112 

.0102 

.0008 

.12 
.10 

.00301.0000 

.45 
.34 

6 

Av... 

.24 

3.93 

1.25 

.0089 

.0023 

.0025 

.0000 

1.^ 

Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  nearly  all  of  the  Bamples  was  vegetable. 
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NORTHAMPTON. 

Chemical  Examiyiation  of  Water  from  the  Middle  Storage  Reservoir  on  Roberts' 
Meadow  Brook,  collected  near  the  Surface. 

[Parts  per  100,000. J 


Residue  on 

^■^™ 

Appearance. 

EVAPOKA- 

Ammonia. 

Nitrogen 

o 

TION. 

c 

>> 

c 
o 

ALBUMINOID. 

a 

o 

•5 

1 

c 

o 

ik 

°5) 

6 

3      1 

•a 

1    B 

o 

^ 
h 

1 

1 

IS 

1 

^ 

R 

H 

05 

y 

B 

i4 

Em 

i^      (5 

to 

O 

"A 

Zl 

o 

W 

1899. 

26021 

Jan.  24 

V.  slight. 

V.  slight. 

.12 

3.50 

0.85 

.0000 

.0056 

.0046  .0010 

.11 

.0040 

.0000 

.18 

1.1 

26289 

Feb.  21 

V.  slight. 

V.  Blight. 

.09 

3.55 

1.10 

.0016 

.0052 

.0042  .OOIO' 

.08 

.0020 

.0001 

.15 

1.3 

26551 

Mar.  21 

V.  slight. 

V.  slight. 

.11 

2.80 

1.10 

.0012 

.0106 

.0076  .0030: 

.07 

.0050 

.0001 

.22 

1.0 

26946 

Apr.  25 

V.  Blight. 

V.  slight. 

.19 

3.00 

1.00 

.0002'.  0066 

.0064'.  0002 

.07 

.0040 

.0001 

.29 

0.8 

27206 

May   22 

V.  slight. 

Slight. 

.15 

3.10 

1.15 

.OCOO  .0124 

.0090^.0034 

.06 

.0010 

.0001 

.24 

1.1 

27680 

July     6 

V.  Blight. 

V.  slight. 

.22 

4.15 

1.20 

.0004  .0192 

.015S[.0084 

.06 

.0020 

.0000 

..39 

1.6 

27912 

July  26 

Blight. 

Slight. 

.23 

4.00 

1.35 

.0012  .0208 

.0166  .0042 

.06 

.0020 

.0000 

.43 

1.6 

28362 

Aug.  24 

Slight. 

Slight. 

.21 

4.45 

1.65 

.0000 

.0210 

.0142  .0068: 

.07 

.0010 

.0000 

.39 

1.4 

28800 

Sept.  27 

Blight. 

Slight. 

.34 

4.65 

1.90 

.0032 

.0192 

.0156  .00361 

.11 

.0000 

.0000 

.55 

1.8 

29143 

Oct.    24 

Slight. 

Slight. 

.41 

4.75 

1.75 

.0038 

.0164 

.01.52 

.0012 

.15 

.0020 

.0001 

..10 

2.0 

29447 

Nov.  20 

V.  slight. 

V.  slight. 

.32 

4.40 

1.40 

.0002 

.0132'. 0120 

.0012 

.15 

.0000 

.0001 

.44 

1.4 

29791 

Dec.  26 

V.  Blight. 

V.  slight. 

.27 

3.90 

1.35 

.0002 

.0110  .0096 

.0014 

.13 

.0050 

.000] 

.37 

1.6 

Averages  by  Years. 


1895 

1896     ' 

_ 

1897 

_ 

1898 

_ 

1899 

- 

.57 

4.56 

1.72 

.0008 

.0181 

.0156 

.0025 

.13 

.0024  .0000 

.61 

.25 

3.89 

1.27 

.0004;. 0121 

.0092  .0029! '.10 

.0047  .0000  1.34 

.29 

3.90 

1.31 

.0013,. 0116 

.0103, .0013!!. 11 

.0023  .0000 

.35 

.30 

3.84 

1.45 

.0013 

.0126 

.0101 

.0025 

.10 

.00371.0000 

.43 

.22 

3.85 

1.32 

.0010 

.0134 

.0109 

.0025 

.09 

.0023'.  0001 

.35 

1.8 
1.7 
1.6 
1.4 
1.4 


Note  to  analyses  of  1899  :  Odor  of  No.  27206,  faintly  vegetable  or  unpleasant,  becoming  faintly  fishy 
on  heating;  of  the  others,  vegetable  or  none. 


Microscopical   Examination  of  Water  from    the  Middle   Storage    Reservoir  on 
Roberts''  Meadow  Brook,  collected  near  the  Surface. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar.j  Apr. 

May 

July. 

July. 

Aug. 

Sept. 

Oct. 

Nov 

Dec. 

Day  of  examination,  .... 

25 

23 

22 

27 

24 

7 

28 

28 

29 

26 

22 

28 

Number  of  sample,    .... 

26021 

26289 

26551 

26946 

27206 

27680 

27912 

28362  28800 

29143 

29447 

29791 

PLANTS. 

Diatomacese,      .... 

20 

7 

11 

99 

286 

246 

329 

434 

336 

396 

265 

49 

Asterionella,        .... 

Melosira, 

Synedra 

8 
0 
12 

0 
0 
5 

4 
0 
5 

37 
11 
24 

4 
114 
154 

0 
42 
184 

0 
136 
192 

30 
100 
262 

8 

80 

234 

70 
178 
130 

176 
20 
69 

36 

0 

11 

Cyanophycese,  Oscillaria, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Algee 

0 

0 

0 

1 

2 

74 

23 

8 

10 

0 

0 

1 

ArthrodesmuB,    .... 

0 

0 

0 

0 

2 

74 

22 

8 

6 

0 

0 

0 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


277 


NORTHAMPTON. 

Microscopical  Examination  of  Water  from  the  Middle  Storage  Reservoir  on  Roberts'' 
Meadow  Brook,  collected  tiear  the  Surface  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

July. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Rhizopoda,  Difflugia,  . 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

Infusoria 

0 

0 

0 

1 

294 

98 

6 

18 

12 

5 

7 

7 

Dinobryon, 

Peridinium 

0 
0 

0 
0 

0 
0 

0 
0 

266 
26 

0 

98 

2 
1 

0 
12 

0 

6 

0 

4 

7 
0 

6 
0 

Vermes 

0 

0 

0 

0 

3 

2 

0 

1 

2 

2 

0 

0 

Crustacea,  Cyclops,    , 

0 

0 

0 

0 

0 

0 

pr. 

0 

pr. 

pr. 

0 

0 

Miscellaneous,  Zobgloea,  . 

3 

8 

7 

' 

20 

5 

5 

15 

8 

10 

5 

3 

Total, 

23 

15 

18 

108 

605 

425 

363 

478 

368 

413 

277 

61 

Chemical  Examination  of  Water  from  the  Middle  Storage  Reservoir  on  Roberts'' 
Meadow  Brook,  collected  near  the  Bottom. 

[Parts  per  100,000.] 


Residue  on 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

o 

tion. 

y 

s 

c 
o 

^ 

^j 

c 

albuminoid. 

^ 

"O 

S 

.a 

a 

o 
o 

a 

o 

"3 

|gi 

"3 

> 

■a 

1  ^ 

% 

s 

1 

!zi 

Q 

H 

tc 

O 

H 

h-J 

fe 

Eh 

O 

m 

o 

"A 

|Zi 

o 

K 

1899. 

.. 

26022 

Jan.  24 

Slight. 

V.  Blight. 

0.19 

3.90 

0.90 

.0092 

.0084 

.0062 

.0022 

.11 

.0070 

.0002 

.24 

1.4 

26290 

Feb.  21 

V.  slight. 

Slight. 

0.15 

4.00 

1.25 

.0050 

.0060 

.0052 

.0008 

.09 

.0080 

.0002 

.19 

1.4 

26552 

Mar .  21 

V.  slight. 

V.  slight. 

0.12 

2.60 

1.00 

.0010 

.0088 

.0062 

.0026 

.06 

.0030 

.0001 

.22 

0.8 

26947 

Apr.  25 

V.  slight. 

Slight. 

0.20 

2.50 

0.75 

.0006 

.0084 

.0064 

.0020 

.07 

.0020 

.0001 

.31 

1.0 

27207 

May   22 

V.  slight. 

Slight. 

0.14 

3.40 

1.05 

.00141.0102 

.0084 

.0018 

.07 

.0000 

.0001 

.25 

1.1 

27681 

July     6 

Slight. 

Slight. 

0.35 

4.65 

1.15 

.0084J.0118 

.0110 

.0008 

.05 

.0000 

.0000 

.28 

l.fi 

27913 

July  26 

Decided. 

Cons. 

1.25 

5.35 

0.90 

.03181.0228 

.0140 

.0088 

.07 

.0020 

.0000 

.40 

2.1 

28363 

Aug.  24 

Decided. 

Cons. 

2.40 

6.45 

1.55 

.0660 

.0260 

.0172 

.0088 

.08 

.00.50 

.0000 

.57 

1. 8 

28801 

Sept.  27 

Slight. 

Heavy. 

3.25 

7.50 

2.00 

.1076 

.0352 

.0232 

.0120 

.09 

.0000 

.0001 

.88 

2.6 

29144 

Oct.    24 

Slight. 

Slight. 

0.34 

5.25 

2.25 

.0034 

.0188 

.016^ 

.0024 

.16 

.0010 

.0001 

.49 

2.0 

29448 

Nov.  20 

V.  slight. 

V.  slight. 

0.37 

4.25 

1.35 

.0006 

.0126 

.0116 

.0010 

.12 

.0010 

.0001 

.45 

1.7 

29792 

Dec.  26 

V.  slight. 

Slight. 

0.25 

4.30 

1.35 

.0030 

.0116 

.0102 

.0014 

.13 

.0030 

.0001 

.32 

1.7 

Averages  by  Years. 


1895 
1896 
1897 
1898 
1899 


_ 

1.86 

6.27 

2.14 

.0159  .0247 

.0182 

.0065 

.14 

.0038 

.0000 

.89 

- 

0.90 

4.85 

1.54 

.0124  .0171 

.0118 

.0053 

.10 

.0045 

.0000 

..54 

- 

0.39 

3.95 

1.3i 

.0047  .0133 

.0110 

.0023 

.10 

.0050 

.0000 

.40 

- 

0.54 

4.05 

1.51 

.0108  .0132 

.0103 

.0029 

.10 

.0036 

.0001 

.40 

- 

0.75 

4.51 

1.29 

.0198  .0150 

1 

.0113 

.0037 

.09 

.0027 

.0001 

.38 

2.0 
1.9 
1.6 
1.5 
1.6 


Note  to  analyses  of  1899:  Odor,  generally  faintly  vegetable  or  none,  sometimes  unpleasant  or  dis- 
agreeable.   On  heating,  the  odor  of  all  of  the  samples  was  vegetable  or  disagreeable  and  unpleasant. 
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NORTHAMPTON. 

Chemical  Examination  of  Water  from  a   Spring  at  the  Northampton   Insane 

Hospital. 

[Parte  per  100,000.] 


c 

Appearance. 

Ammonia. 

NiTBOGEN 

•6 

"5 
o 

6 

c 

1   ' 

a 

a 

u 

a 

i 

2 

o 
a 

2 

V. 

c 

!zi 

Q 

ei 

CO 

u 

b* 

< 

o 

'A 

'A 

o 

&3 

1899. 

28871 

Oct.     3 

None. 

V.  Blight. 

.00 

21.00 

.0008 

.0022 

1.87 

1.2800 

.0000 

.04 

7.3 

.0030 

28925 

Oct.     9 

None. 

V.  Blight. 

.00 

23.00 

.0000 

.0018 

1.40 

1.2600 

.0000 

.02 

7.7 

.0020 

29672 

Dec.  16 

None. 

V.  Blight. 

.04 

22.70 

.0004 

.0014 

1.96 

1.1400 

.0000 

.05 

6.9 

.0140 

Odor,  none. The  Bamples  were  collected  from  a  spring  from  which  water  is  drawn  for  the 

supply  of  the  hospital. 

The  advice  of  the  State  Board  of  Health  to  the  Mt.  Tom  Sulphite 
Pulp  Company,  with  reference  to  the  quality  of  the  water  drawn 
from  tubular  wells  on  the  premises  of  the  company,  may  be  found 
on  page  36  of  this  volume.  The  results  of  analyses  of  samples  of 
water  collected  from  the  wells  are  o-iven  in  the  following  table :  — 


Chemical  Examination  of  Water  from  Tubular  Wells  on  the  Premises  of  the  Mt. 
Tom  Sulphite  Pulp  Company,  Northampton. 

[Parts  per  100,000.] 


c 

Appbakance. 

=' 

Ammonia. 

XlTROGEN 

"d 

^ 

a 

u 

XI 

B 

a 

o 

s 

05 

3 

s 

i 

■-3 

o 

2H 

o 
c 

B 

2 

i 

si 

£ 

OS 

c 
o 

Z 

o 

&^ 

M 

U 

es 

1^ 

< 

u 

!z; 

g 

o 

B3 

1899. 

28833 

Sept.  29 

None. 

V.  Blight. 

.00 

11.50 

.0006 

.0014 

.95 

.1060 

.0004 

.08 

5.9 

.0020 

28964 

Oct.    11 

None. 

V.  Blight. 

.03 

3.70 

.0006 

.0008 

.14 

.0220 

.0000 

.16 

2.0 

.0080 

Odor,  none. The  first  sample  was  collected  from  a  tap  on  the  pump  drawing  water  from  the 

three  wells  nearest  the  factory;  the  last,  from  the  well  most  remote  from  the  factory. 
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north  andover. 
Water  Supply  of  North  Andover. 

Chemical  Examination  of  Water  from  Oreat  Pond,  North  Andover. 

[Parts  per  100,000.] 


s 
o 

"3 
o 

o 

03 

Appearance. 

Kesiddb  ok 
Evapora- 
tion. 

Ammonia. 

1 

o 

Nitrogen 

AS 

■d 

a 

3 

a 
o 

o 

a 

ho 

& 

o 

S 
5 

H 

c 
1 

m 

o 
o 

O 

o 

c 
o 

!l 

o 

6 
t 

ALBUMINOID. 

g 

i 

1 

3 

o 
El 

•6 
> 
o 

<3 

CO 

•5 

a 

1899. 

26003 

Jan.  23 

V.  slight. 

Slight. 

.20 

3.50 

1.70 

.0002 

.0186 

.0168 

.0018 

.32 

.0000 

.0000 

.45 

1.3 

26266 

Feb.  20 

V.  slight. 

Slight. 

.18 

3.65 

1.65 

.0022 

.0160 

.0152 

.0008 

.32 

.0030 

.0001 

.40 

1.1 

26530 

Mar.  20 

None. 

V.  Blight. 

.18 

3.15 

1.40 

.0020 

.0182 

.0166 

.0016 

.31 

.0020 

.0000 

.36 

1.1 

26898 

Apr.  24 

V.  slight. 

Slight. 

.20 

3.35 

1.15 

.0004 

.0152 

.0140 

.0012 

.29 

.0050 

.0001 

.34 

0.8 

27179 

May  22 

V.  slight. 

V.  slight. 

.20 

3.65 

1.25 

.0012 

.0198 

.0168 

.0030 

.35 

.0050 

.0000 

.38 

1.1 

27588 

June  27 

V.  slight. 

V.  Blight. 

.14 

3.40 

1.30 

.0002 

.0224 

.0190 

.0034 

.33 

.0000 

.0000 

.38 

1.0 

27890 

July  25 

V.  slight. 

V.  slight. 

.09 

3.15 

1.35 

.0002 

.0166 

.0158 

.0008 

.33 

.0030 

.0000 

.33 

1.3 

28390 

Aug.  28 

V.  Blight. 

V.  slight. 

.11 

3.80 

1.65 

.0004 

.0194 

.0182 

.0012 

.29 

.0000 

.0000 

.34 

0.8 

28723 

Sept.  24 

V.  slight. 

V.  slight. 

.12 

3.30 

1.00 

.0008 

.0198 

.0178 

.0020 

.34 

.0010 

.0000 

.29 

1.4 

29113 

Oct.   24 

V.  slight. 

V.  Blight. 

.09 

3.50 

1.35 

.0012 

.0172 

.0162 

.0010 

.30 

.0040 

.0000 

.32 

1.3 

29440 

Nov.  20 

V.  Blight. 

V.  slight. 

.10 

3.40 

1.30 

.0004 

.0192 

.0180 

.0012 

.35 

.0010 

.0000 

.26 

1.0 

29781 

Dec.  26 

Slight. 

Slight. 

.09 

3.25 

1.10 

.0000 
.0008 

.0196 
.0185 

.0182 
.0169 

.0014 
.0016 

.29 
.32 

.0010 
.0021 

.0000 

.27 
.34 

1.4 

Av... 

14 

3.42 

1.35 

.0000 

1  1 

Odor,  faintly  vegetable  or  none.    On  heating,  the  odor  of  nearly  all  of  the  eampleB  was  vegetable, 

and  in  November  fishy  and  unpleasant. Nos.  27179,  28723,  29440  and  29781  were  collected  from  a 

faucet  at  the  pumping  station;  the  others,  from  the  pond. 

Microscopical  Examination  of  Water  from,  Great  Pond,  North  Andover. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,  .... 
Number  of  sample,    .... 

24 
26003 

21 
26266 

21 
26530 

25 
26898 

22 
27179 

27 

27588 

26 
27890 

29 
28390 

26 

28723 

25 
29113 

20 
29440 

27 
29781 

PLANTS. 
Diatomacese,       .... 

Asterionella 

Tabellaria 

CyanopliyceeB,    .... 
Microcystis,          .... 

Algee 

1,880 

1,608 
238 

0 
0 

2 

1,994 

1,944 
41 

0 
« 

1 

10 

8 
0 

0 
0 

0 

73 

31 
18 

0 
0 

29 

136 

75 

42 

0 
0 

5 

23 

0 
16 

9 

1 

12 

25 

0 
10 

18 
16 

22 

38 

16 
12 

22 

8 

48 

21 

0 
0 

0 
0 

0 

293 

180 

86 

8 

0 

1 

521 

286 
224 

0 
0 

1,351 

896 
426 

0 
0 

0 
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NORTH  ANDOVER. 

Microscopical  Examination  of  Water  from  Qreat  Pond,  North  Andover  — 

Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Feb. 

Mar. 

0 

0 

0 

2 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

Apr.  May 


July. 


Aug, 


Sept. 


Nov.   Dec. 


ANIMALS. 
Rhizopoda,  DifiSugia, 

Infusoria, 

Cryptomonas, 
Dinobryon,   . 

Vermes,  .       .       ^ 

Crustacea,    . 

Cyclops, 
Dapbnia, 

Miscellaneous,  Zobgloea, 

Total,  . 


0 

115 

80 
33 

2 

pr, 
pr. 


3      5 


20 


1,955 


l,998l     18 


Water  Supply  or  Xoeth  Attleboeough. 

Chemical  Examination  of  Water  from  the  Wells  of  the  North  Attleborough  Water 

Works. 

[Parts  per  100,000.] 


Appeakance. 

c" 
o 

it 

=  > 

Ammonia. 

s 

o 

Nitrogen 
as 

1 
o 

a 
■a 

K 

u 

S 
S 
1^ 

■3 
3 

c 

.9 

i 

•6 
o 

< 

1 

2 

3 

1 

IS99. 

27224 

May  23 

None. 

None. 

.02 

6.60 

.0000 

.0014 

.61 

.0480 

.0000 

.04 

2.6 

.0040 

27663 

July     5 

V.  slight. 

None. 

.01 

8.00 

.0006 

.0006 

.68 

.0480 

.0000 

.01 

3.8 

.0050 

27910 

July  26 

None. 

None. 

.01 

7.70 

.0006 

.0014 

.68 

.0470 

.0000 

.01 

3.3 

.0070 

28917 

Oct.     6 

None. 

None. 

.03 

6.70 

.0000 

.0014 

.57 

.0420 

.0000 

.03 

3.0 

.0020 

Av*.. 

.02 

7.05 

.0002 

.0013 

.62 

.0458 

.0000 

.03 

3.0 

.0040 

Odor,  none. The  samples  were  collected  from  a  faucet  at  the  pumping  station. 

*  Where  more  than  one  sample  was  collected  In  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 
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northborough. 

Water  Supply  of  Northboeough. 

Chemical  Examination  of  Water  from  the  Upper  Reservoir  of  the  Northborough 

Water  Works. 

[Parts  per  100,000.] 


Residue  on 

a 

Appeaeancb. 

Evapora- 

Ammonia. 

NlTKOGEN 

•o 

+2 

"o 
o 

o 

tion. 

<p 

a 

o 

a 

a 
o 

s 

S 

a 

u 
o 

t 

.2 
o 

I 

ALBUMINOID. 

"g 

1 

a 

3 

"3 
o 

■6 

> 

1 

•6 

■a 

1  c 

09 

a 
V. 

03 

'A 

0 

H 

OD 

O 

H 

J 

^ 

El 

Q 

CO 

U 

!? 

S 

o 

a 

1899. 

26301 

Feb    22 

Slight. 

V.  slight. 

.32 

3.00 

1.25 

.00.58 

.0136 

.0114 

.0022 

.20 

.0040 

.0001 

0.44 

0.6 

27196 

May  22 

Slight. 

V.  Blight. 

.84 

3.55 

1.76 

.0002 

.0218 

.0190 

.0028 

.13 

.0000 

.0000 

0.82 

0.5 

28300 

Aug.  22 

Decided. 

Slight. 

.32 

3.85 

1.30 

.0000 

.0320 

.0254 

.0066 

.33 

.0020 

.0002 

0.53 

1.0 

29463 

Nov.  22 

V.  slight. 

None. 

.77 

4.95 

2.10 

.0008 

.0232 

.0222 

.0010 

.20 

.0010 

.0000 

1.04 

1.1 

Averages  by  Years. 


1896 

1.03 

4.00 

1.86 

.0013 

.0236 

.0215 

.0021 

.19 

.0044 

.0001 

0.99 

1897 

- 

- 

0.96 

4.45 

1.85 

.0011 

.0214 

.0197 

.0017 

.28 

.0048 

.0000 

0.82 

1898 

_ 

_ 

0.84 

3.67 

1.67 

.0007 

.0205 

.0192 

.0013 

.22 

.0038 

.0000 

0.74 

1899 

- 

- 

0.56 

3.84 

1.60 

.0017 

.0226 

.0195 

.0031 

.21 

.0017 

.0001 

0.71 

1.3 

0.8 
0.8 


Note  to  analyses  of  1899  :  Odor,  faintly  vegetable,  becoming  stronger  on  heating. 


Microscopical  Examinatiooi  of  Water  from  the  Upper  Reservoir  of  the  Northborough 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


May. 


Aug. 


Day  of  examination, 
Number  of  sample, . 

PLANTS. 
Diatomacese,     . 

Synedra,    .... 

CyanophycesB, 

Algse 

ANIMALS. 
Rhizopoda,  Dlfflugia, 

Infusoria,    .... 

Ciliated  infusorian,  . 

DinobryoD, 

Peridinium, 

Vermes 

Miscellaneous,  Zobgloea, 

Total 


23 
28301 


23 
27196 


23 
28300 


23 
29463 


80 


248 
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NORTHBOROUGH. 

Chemical  Examination  of  Water  from  the  Lower  Reservoir  of  the  Northborough 

Water  Works. 


^ 

[Parts 

per  100,000.; 

S 

o 
O 

o 
Q 

Appearance. 

Ke.sidue  on 
Evapora- 
tion. 

Ammonia. 

.18 

Nitrogen 

AS 

"2 

a 

3 

1 

c 
o 

2 
S 

Eh 

a 

1 

o 

o 
E- 

s 

o 

ALBUMINOID. 

1 

z 

u 

£1 

a 

3 

1 

> 
o 

5 

■6 

•a 
1  c 

3  a. 
m 

a 
Hi 

w 

26302 

1899. 

Feb..  22 

Slight. 

Slight. 

.30 

3.00 

1.05 

.0070 

.0106 

.0094 

.0012 

.0010 

.0001 

.36 

0.8 

27197 

May  22 

Slight. 

Cona. 

.64 

3.25 

1.45 

.0002 

.0220 

.0192 

.0028 

.17 

.0010 

.0001 

.63 

0.8 

28301 

Aug.  22 

Slight. 

Slight. 

.35 

3.70 

1.55 

.0000 

.0290 

.0234 

.0056 

.19 

.0020 

.0002 

.59 

0.8 

29464 

Nov.  22 

V.  slight. 

V.  Blight. 

.53 

4.15 

1.65 

.0028 
.0025 

.02.58 

.0238 

.0020 

.25 
.20 

.0010 

.0000 

.79 
.59 

1.1 

Av... 

.45 

3.52 

1.42 

.0218 

.0189 

.0029 

.0012 

.0001 

0.9 

Odor,  faintly  vegetable,  becoming  also  grassy  or  earthy  in  the  last  two  samples  on  heating. 

Microscopical  Examination  of  Water  from  the  Lower  Reservoir  of  the  Northborough 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,    . 

Asterlonella, 

Melosira,  .... 
Synedra,  .... 
Tabellaria, 

AlgSB 

ANIMALS 
Infusoria 

Dinohryon, 
Peridiuium, 
Uroglena,  .... 

"Vermes,       .... 

Miscellaneous,  Zobgloea, 

Total 


23 

26302 


May. 


23 
27197 


452 


200 
184 
52 


407 

392 
4 
1 


25 


Aug. 


23 
28301 


312 

28 

26 

176 

76 

26 


23 

29464 


234 

188 

0 

4 

40 


225 


209 
0 
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NORTH  BROOKFIEIiD. 

Water  Supply  of  North  Brooktield. 

Chemical  Examination  of  Water  from  Doane  Pond,  North  Brookfield. 

[Parts  per  100,000.] 


c 
o 

o 

Appeaeakce. 

i" 

o 
o 

3 

a 

■3 

o 

Szi 

Q 

&^ 

03 

U 

1S99. 

25982 

Jan.  18 

Decided. 

Slight. 

..50 

26713 

Apr.  11 

Decided. 

Slight. 

.14 

27787 

July  17 

Slight. 

Cons. 

.68 

Eksidhe  on 
Evapora- 
tion. 


3.40 
1.75 
3.15 


1.25 
1.20 
1.55 


,0154 
,0068 
,0014 


ALBUMINOID. 


,0174 

,0284 
,0334 


.0156 
.0238 
.0294 


.0018 
.0046 
.0040 


,0040 
0040 
,0010 


.0002 
.0001 
.0000 


0.6 
0.0 
0.5 


Averages  by  Years. 


1894 

_ 

_ 

.91 

4.24 

1.77 

.0110 

.0353 

.0280 

.0073 

.19 

.0054 

.0001 

.62 

1895 

- 

- 

.51 

4.92 

1.60 

.0076 

.0365 

.0285 

.0080 

.22 

.0102 

.0002 

.51 

1896 

- 

- 

.43 

3.74 

1.48 

.ooi-^ 

.0288 

.0247 

.0041 

.15 

.0054 

.0000 

.51 

1897 

- 

- 

.57 

3.59 

1.52 

.0031 

.0305 

.0254 

.0051 

.16 

.0053 

.0000 

.50 

1898 

- 

- 

.55 

3.50 

1.63 

.0069 

.0241 

.0204 

.0037 

.16 

.0043 

.0001 

.51 

1899 

~ 

~ 

.44 

2.77 

1.33 

.0079 

.0264 

.0229 

.0035 

.11 

.0030 

.0001 

.45 

1.1 

1.7 
1.1 
0.8 
0.9 
0.4 


Note  to  analyses  of  1899 :  Odor,  faintly  vegetable,  becoming  stronger  in  the  last  two  samples  on 
heating. 


Microscopical  Examination  of  Water  from  Doane  Pond,  North  Brookfield. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


July. 


Day  of  examination 

Number  of  sample,       .... 

PLANTS. 
Diatomacese 

Cyanophycese,  Oecillaria,    . 

Algse 

ANIMALS 

Infusoria 

Dinobryon, 

Peridlnium, 

Crustacea,  Cyclops, 
Miscellaneous,  Zoogloea, 

Total 


19 

25982 


12 

26713 


18 

27787 


1,710 

1,700 

2 

pp. 


39 


1,826 
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NORTH  BROOKTIELD. 

Chemical  Examination  of  Water  from  North  Pond,  North  Brookfield. 

[Parts  per  100,000.] 


REilDUE   ON 

c 

Appearance. 

EVAPOHA- 

Ammonia. 

Nitrogen 

1 

TION. 

3 

c 

^ 

ALBDMINOID. 

O 

>, 

c 

■c 

•d 

aj 

o 

g 

a 

a 

o 

■a 
s 

S 
'■5 

o 

o 

3 

o 

2 

> 

■a 
3  a, 

o 

1 

*E 

be 

a 
■a 

03 

iz; 

H 

IX 

O 

H 

&H 

i-i 

C 

X 

O 

Ji 

2 

o 

K 

1899. 

26006 

Jan.  23 

Slight. 

Slight. 

.43 

3.00 

1.25 

.0006 

.0258 

.0214 

.0044 

.13 

.0030 

.0002 

.57 

0.5 

26714 

Apr.  n 

Blight. 

Cons. 

.29 

1.85 

1.10 

.0036. 0268 

.0170 

.0098 

.07 

.0040 

.0001 

.36 

0.0 

27788 

July  17 

Blight. 

Cods. 

.30 

2.60 

1.25 

.0004 '.0228 

.0198 

.0030 

.12 

.0010 

.0000 

.51 

1.0 

29061 

Oct.    18 

Decided. 

Cons. 

.68 

3.95 

2.10 

.0084!.  0.528 

.0186 

.0,342 

.12 

.0010 

.0000 

.64 

0.8 

29112 

Oct.   23 

Decided 

Cons. 

.65 

3.90 

2.00 

.0192 

.0536 

.0408 

.0128 

.16 
.11 

'.0040 

.0000 

.80 
.54 

0.3 

Av.*. 

.42 

2.84 

1.41 

.0046 

.0322 

.0220 

.0102 

'.0026 

.0001 

0.5 

Odor,  vegetable. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 

Microscopical  Examination  of  Water  from  North  Pond,  North  Brookfield. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


July. 


Day  of  examination,   . 
Number  of  sample, 

PLANTS. 

Diatomacese, 

Asterionella, 

Tabellaria 

Algse 

Arthrodesmus, 
Protococcus, 

ANIMALS, 
Infusoria,  ... 
Cryptomonas, 
Dinobryon,  .  .  .  . 
Euglena,  .  .  .  . 
Peridinium,  .  .  ,  , 
Uroglena,       .        .        .        , 

Vermes 

Anurea,  ... 

Crustacea,  Cyclops, 
Miscellaneous,  Zooglosa,     . 
Total 


24 
26006 


12 

26714 


18 
27788 


19 
29061 


24 
29112 


604 
464 
140 

178 

94 
0 


288 

64 
200 

7,024 

0 

7,000 


338 

166 
156 


242 

0 

50 

66 

120 

0 

2 

0 

pr. 


166 

52 
60 
2 
14 
30 

12 

10 


20 


857 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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NORWOOD. 


Water  Supply  of  Norwood. 
Chemical  Examination  of  Water  from,  Buckmasler  Pond,  Declham. 

[Parts  per  100,000.] 


5 
t! 

o 
O 
(^ 
o 

C 

Appeabancb. 

Kksidue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

Nitrogen 

AS 

■d 

s 

c 

s 

a 

bo 

o 

1 

CO 

o 
o 

2 

o 

o 

ll 

o 

£ 

ALBUMINOID. 

.Q 

a 

o 

> 
o 

a> 
a 
•a 
ki 

as 

M 

1899. 

25842 

Jan.  4 

V.  Blight. 

V.  slight. 

.18 

3.50 

1.15 

.0086 

.0266 

.0220 

.0046 

.36 

.0070 

.0001 

.32 

0.6 

26104 

Feb.  1 

Slight. 

V.  slight. 

.16 

2.75 

1.10 

.0016 

.0180 

.0146 

.0034 

.30 

.0050 

.0001 

.34 

0.5 

26365 

Feb.  28 

V.  slight. 

V.  slight. 

.11 

3.00 

0.85 

.0084 

.0182 

.0156 

.0026 

.30 

.0070 

.0001 

.27 

0.5 

26668 

Apr.  4 

Slight. 

V.  slight. 

.12 

2.75 

0.80 

.0038 

.0126 

.0108 

.0018 

.28 

.0110 

.0000 

.26 

0.2 

26992 

May  1 

V.  slight. 

V.  slight. 

.11 

2.65 

1.15 

.0012 

.0134 

.0128 

.0006 

.26 

.0050 

.0001 

.28 

0.3 

27329 

June  6 

V.  Blight. 

V.  slight. 

.10 

2.25 

1.25 

.0002 

.0164 

.0128 

.0036 

.27 

.0030 

.0000 

.80 

0.2 

27639 

July  5 

V.  slight. 

Slight. 

.09 

2.50 

0.90 

.0006 

.0202 

.0176 

.0026 

.26 

.0020 

.0000 

.27 

0.5 

27922 

July  31 

V.  slight. 

Blight. 

.07 

2.85 

1.00 

.0004 

.0228 

.0202 

.0026 

.25 

.0020 

.0000 

.28 

0.6 

28468 

Sept.  5 

Slight. 

Slight. 

.12 

3.10 

1.25 

.0006 

.0286 

.0222 

.0064 

.26 

.0020 

.0000 

.28 

0.3 

28843 

Oct.  2 

Decided. 

Cons. 

.08 

2.75 

1.20 

.0038 

.0298 

.0232 

.0066 

.29 

.0040 

.0000 

.29 

0.5 

29220 

Nov.  2 

Slight. 

Slight, 

.12 

3.00 

1.05 

.0036 

.0384 

.0230 

.0154 

.32 

.0020 

.0001 

.22 

0.5 

29561 

Dec.  4 

Decided. 

Cons. 

.20 

3.05 

0.85 

.0234 

.0210 

.0152 

.0058 

.29 

.0010 

.0001 

.12 

0.5 

Averages  by  Years. 


- 

1888 

- 

- 

.15 

2.66 

0.95 

.0069 

.0248 

- 

- 

.29 

.0065 

.0001 

- 

- 

- 

1889 

- 

- 

.11 

2.47 

0.79 

.0024 

.0199 

.0174 

.0025 

.30 

.0068 

.0001 

- 

- 

- 

1890 

- 

- 

.05 

2.59 

0.99 

.0015 

.0180 

.0147 

.0083 

.30 

.0075 

.0000 

- 

1.0 

- 

1891 

- 

- 

.06 

2.48 

0.97 

.0014 

.0166 

.0140 

.0026 

.26 

.0075 

.0000 

- 

0.7 

- 

1892 

- 

- 

.07 

2.88 

1.24 

.0019 

.0219 

.0172 

.0047 

.82 

.0067 

.0000 

- 

0.7 

- 

1893 

- 

- 

.07 

2.62 

1.08 

.0052 

.0199 

.0156 

.0043 

.38 

.0028 

.0000 

.25 

0.7 

- 

1894 

- 

- 

.10 

2.82 

1.13 

.0055 

.0182 

.0153 

.0029 

.86 

.0028 

.0000 

.24 

0.5 

- 

1895 

- 

- 

.16 

2.95 

1.24 

.0047 

.0220 

.0174 

.0046 

.36 

.0066 

.0000 

.29 

0.5 

- 

1896 

- 

- 

.15 

2.83 

1.09 

.0048 

.0208 

.0168 

.0035 

.87 

.0046 

.0000 

.80 

0.7 

- 

1897 

- 

- 

.13 

2.80 

1.12 

.0037 

.0185 

.0164 

.0021 

.36 

.0054 

.0000 

.24 

0.6 

- 

1898 

- 

- 

.17 

2.97 

1.27 

.0046 

.0195 

.0168 

.0032 

.35 

.0027 

.0000 

.29 

0.7 

- 

1899 

- 

- 

.12 

2.85 

1.05 

.0047 

.0222 

.01751 

.0047 

.29 

.0042 

.0000 

.27 

0.4 

Note  to  analyses  of  1899:  Odor,  generally  faintly  vegetable,  sometinies  none.    On  heating,  the 
odor  of  some  of  the  samples  became  stronger. 
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NORWOOD. 

Microscopical  Examination  of  Water  from  Buckmasier  Pond,  Dedham. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

July. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examioatioD, .... 

5 

2 

2 

6 

3 

7 

5 

31 

5 

3 

3 

5 

Number  of  sample,    .... 

25842 

26104 

26365 

26668 

26992 

27329 

27639 

27922 

28468 

28843 

29220 

29561 

PLANTS. 

Diatomaceee 

1 

1 

0 

13 

6 

20 

12 

8 

32 

58 

64 

63 

Asterlonella,         .... 

0 

0 

0 

0 

2 

0 

0 

8 

0 

12 

10 

50 

Cyanophyceae,   .... 

0 

0 

0 

0 

0 

1 

28 

68 

46 

66 

4 

0 

AttabasDa 

Microcystis,          .... 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

24 
2 

3 

60 

0 
44 

56 
0 

2 
2 

0 

0 

Algee 

0 

0 

0 

0 

0 

12 

688 

8 

18 

53 

22 

7 

Protococcus,         .... 
Raphidium 

0 
0 

0 

0 

0 

0 

0 
0 

0 
0 

0 

11 

600 
88 

8 
0 

16 
0 

40 
8 

0 
18 

0 

7 

ANIMALS. 

Infusoria 

5 

53 

2 

12 

1 

5 

18 

2 

2 

22 

40 

7 

Dinobryon 

Maltomonas,         .... 
Vorticella, 

5 
0 
0 

62 
0 
0 

0 
0 
0 

11 

0 

0 

0 

1 

0 

0 
0 
0 

0 

0 

12 

0 

1 

0 

0 
0 
0 

0 
8 
8 

0 

34 

0 

0 

4 
0 

Crustacea,  Cyclops,    . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

Miscellaneous,  Zobgloea,    . 

5 

0 

5 

3 

7 

5 

3 

8 

20 

12 

5 

8 

Total, 

11 

64 

7 

28 

14 

43 

749 

94 

118 

211 

135 

85 

Chemical  Examination  of  Water  from  Colburn  Brook,  Westwood. 

[Parts  per  100,000.] 


Appearance. 

Kesidue  on 

EVAPOKA- 
TION. 

Ammonia. 

Nitrogen 

AS 

■a 

s 

s 

O 
o 

8 

Q 

3 

1 
■3 

m 
OQ 

6 

o 

£ 

ALBUMINOID. 

o 

^ 

c 
o 

o 

a 
in 
& 
O 

u 

a 

1 

1 
o 

a 

•6 

'  s 

so 

S 

a 

n 

1899. 

25843 

Jan.     4 

V.  slight. 

V.  Blight 

0.60 

3.15 

1.25 

.0000 

.0096 

.00901.0006 

.25 

.0010 

.0000 

0.66 

0.2 

26105 

Feb.     1 

None. 

V.  slight. 

0.37 

3.25 

1.25 

.0004 

.0090 

.0076. 0014 

.29 

.0000 

.0000 

0.47 

0.2 

26366 

Feb.  28 

V.  slight. 

Slight. 

0.60 

2.75 

1.30 

.0020 

.0206 

.0156  .0050|j.23 

.0020 

.0000 

0.71 

0.3 

26669 

Apr.    4 

V.  slight. 

V.  Blight. 

0.43 

2.25 

1.05 

.0002 

.0122 

.0114  .0008 

.15 

.0000 

.0000 

0.50 

0.0 

26993 

May     1 

V.  slinht. 

V.  slight. 

1.20 

3.10 

1.75 

.0014 

.0210 

.0192  .0018 

.18 

.0030 

.0000 

1.44 

0.0 

27330 

June    5 

V.  slight. 

V.  slight. 

1.05 

3.60 

1.95 

.0010 

.0204 

.0188!. 0016 

.22 

.0030 

.0000 

1.14 

0.0 

27640 

July     6 

V.  slight. 

Slight. 

0.71 

4.15 

1.55 

.0036 

.0-230 

.0194'. 0036 

.24 

.0000 

.0000 

0.74 

0.3 

27921 

July  31 

V.  slight. 

V.  slight. 

0.69 

4.35 

1.55 

.0026 

.0194 

.0188  .0006 

.24 

.0020 

.0000 

0.83 

0.5 

28467 

Sept.    5 

Slight. 

Slight. 

0.63 

4.00 

1.45 

.0068 

.0176 

.0146  .0030 

.26 

.0030 

.0000 

0.5b 

0.3 

28844 

Oct      2 

V.  slight. 

V.  slight. 

0.72 

5.25 

2.10 

.0010 

.0188 

.01781.0010 

.26 

.0040 

.0000  10.97 

1.0 

29219 

Nov.    2 

V.  slight. 

V.  slight. 

1.54 

8.30 

3.95 

.0006 

.0386 

.0282!.  0104 

.44 

.0020 

.0000 

1.92 

1.7 

29562 

Dec.    4 

None. 

V.  slight. 

1.00 

6.15 

2.30 

.0004 
.0017 

.0202 

.0192.0010 
.0166  .0026 

.27 
.25 

.0010 

.0000 

1.18 
0.93 

0.6 

Av... 

0.79 

4.11 

1.79 

.0192 

.0017 

.0000 

0.4 

Odor,  generally  faintly  vegetable;  In  March,  distinctly  disagreeable.    On  heating,  the  odor  of  some 
of  the  samples  became  stronger. 
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ORANGE. 


Watee  Supply  of  Orange. 


Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Orange 

Water  Works. 

[Parts  per  100,000.] 


Residuk  on 

i 

"S 

■5 

Appearance. 

Evapora- 
tion. 

Ammonia. 

6 

c 

0 

Nitrogen 

AS 

s 

3 

a 
0 
0 

c 

bo 
>% 

S 

3 

a 

a 
3 

0 

5 

1 
ft 

t.1 

albuminoid. 

1 

1 

1 

s 

•a 
0 

•6 

•S 

1  a 

3  0, 

a 

■s 

a 

|2i 

0 

H 

tc 

0 

H 

>-:) 

1^ 

H 

Q 

02 

0 

s 

z 

0 

9 

1899. 

27500 

June  19 

V.  slight. 

V.  slight. 

.05 

3.00 

0.75 

.0018 

.0050 

.0044 

.0006 

.11 

.0020 

.0000 

.13 

0.6 

28667 

Sept.  19 

V.  slight. 

V.  slight. 

.18 

3.60 

1.30 

.0012 

.0130 

.0100 

.0030 

.11 

.0000 

.0001 

.30 

0.6 

29724 

Dec.  20 

V.  slight. 

V.  Blight. 

.20 

3.40 

1.10 

.0010 

.0086 

.0082 

.0004 

.14 

.12 

.0010 

.0000 

.35 
.26 

0.3 

Av... 

.14 

3.33 

1.05 

.0013 

.0089 

.0076 

.0014 

.0010 

.0000 

0,{> 

Odor,  faintly  vegetable  or  none. 

Water    Supply  of   Palmer   Fire   District,  Palmer.  —  Palmer 

Water  Company. 

Chemical  Examination  of  Water  from  the  Upper  and  Lower  Reservoirs  of  the 

Palmer  Water  Company. 

Upper  Reservoir. 
[Parts  per  100,000.] 


Residue  on 

s 
0 

0 

Appearancb, 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

a 

c 
0 
0 

>, 

c 

albuminoid      ] 

•6 

•a 

J3 

s 

3 

0 

•a 

1 

3 

a 

0 

« 

°& 

3 

> 
1 

■0 
3  a 

0 

2 

S 

:§ 

1 

X 

la 

Q 

EH 

CO 

0 

H 

J 

fc, 

H 

Q 

GO 

u 

'A 

i^ 

0 

vi 

1899. 

26448 

Mar    10 

V.  slight. 

Slight. 

.10 

2.95 

0.90 

.0014 

.0064 

.0054 

.0010 

.14 

.0010 

.0001 

.16 

0.8 

27037 

May     9 

Slight. 

Slight. 

.22 

3.35 

1.10 

.0010 

.0198 

.0188 

.0010 

.13 

.0020 

.0000 

.37 

0.3 

28107 

Aug.    9 

V.  slight. 

V.  slight 

.19 

3.65 

0.95 

.0010 

.0106 

.0074 

.0032 

.13 

.0010 

.0000 

.21 

1.0 

29251 

Nov.    6 

V.  slight. 

V.  slight. 

.36 

3.55 

1.20 

.0004 

.0136 

.0120 

.0016 
.0017 

.15 
.14 

.0020 

.0000 

.40 
.28 

0.5 

Av... 

.22 

2.37 

1.04 

.0009 

.0126 

.0109 

.0015 

.0000 

0.6 

Loiver  Reservoir. 


26449 
27038 
28108 
29252 

Mar.  10 
May     9 
Aug.    9 
Nov.    6 

Slight. 
Slight. 
V  slight. 
Slight. 

Cons. 
Cons. 
V.  slight. 
V.  slight. 

.15 

.27 
.18 
.39 

2.55 
3.25 
3.75 
3.65 

0.75 
0.95 
0.85 
1.25 

.0020 
.0004 
.0000 
.0002 

.0164 
.0184 
.0082 
.0140 

.0142 

.0124 
.0146 
.0070 
.0132 

.0118 

.0040 
.0038 
.0012 
.0008 

.13 
.12 
.13 
.15 

.13 

.0040 
0000 
.0000 
.0060 

.0000 
.0000 
.0000 
.0000 

.28 
.36 
.22 
.43 

.32 

0.3 
0.3 
0.8 
0.5 

Av... 

.25 

3.30 

0.95 

.0006 

.0024 

.0025 

.0000 

0.5 

Odor,  fain^y  vegetable  or  none.    On  heating,  the  odor  of  the  sample  from  the  Lower  Reservoir, 
collected  in  May,  became  distinctly  fishy. 


Microscopical  Examination. 

The  organism  Uroglena  was  found  in  the  sample  collected  from  the  Lower  Reservoir  in  May. 
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PEABODY. 


Water  Supply  of  Peabody. 
Chemical  Examination  of  Water  from  Brown'' s  Po7td,  Peabody. 

[Parts  per  100,000.] 


Kesidue  on 

c 

Appearance. 

EVAPOBA- 

Ammonia. 

Nitrogen 

<o 

'o 

TION. 

a 

3 

c 

albdminoid. 

O 

^ 

■d 

■6 

6 

o 

s 

a 

3 

o 

■a 
1 

3 

a 

o 

3 

ts 

<u 

a 

>• 
o 

•a 
3  p. 

c 

o 

'l-t 

1 

a 
1 

tz; 

a 

H 

CO 

O 

H 

.J 

b 

H 

Q 

X 

O 

s 

z 

o 

rt 

1899. 

26177 

Feb.     7 

V.  slight. 

Blight. 

.17 

3.10 

1.20 

.0020 

.0124 

.0102 

.0022 

.54 

.0110 

.0000 

.27 

0.8 

27049 

May     9 

V.  slight. 

V.  slight. 

.11 

2.50 

0.85 

.0006 

.0128 

.0108 

.0020 

.42 

.0010 

.0001 

.27 

0.3 

28129 

Aug.  10 

V.  slight. 

V.  slight. 

.11 

2.95 

1.05 

.0000 

.0186 

.0168 

.0018 

.52 

.0020 

.0000 

.33 

0.3 

29315 

Nov.    9 

Slight. 

Slight. 

.09 

2.70 

1.10 

.0004 

.0172 

.0158 

.0014 

.52 

.0010 

.0004 

!.21 

0.3 

Averages  by  Years. 


1895 
1896 
1897 
1898 
1899 


.16 

3.08 

1.13 

.0013 

.0167 

.0141  .0026 

.58 

.0040 

.0000 

.29 

- 

.15 

2.97 

1.07 

.0002 

.0140 

.0120  .0020 

.55 

.0037 

.0000 

.24 

- 

.14 

2.99 

1.09 

.0005 

.0177 

.0146  .0031 

.58 

.0055 

.0000 

.28 

- 

.20 

2.87 

1.30 

.0008 

.0183 

.0153  .0030' 

.55 

1.0043 

.0000 

.31 

- 

.12 

2.81 

1.06 

.0007 

.0152 

.0134  .0018j 

.50 

.0037 

.0001 

.27 

0.6 
0.8 
0.7 
0.7 
0.4 


Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  sometimes  none. 

Microscojncal  Examination. 

The  organism  Uroglena  was  found  in  small  quantities  in  the  sample  collected  in  May. 


Chemical  Examination  of  Water  from  Spring  Pond,  Peabody. 

[Parts  per  100,000.] 


1 

Residue  on 

s 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

"3 
"S 

tion. 

c 
o 

fcl 

3 
3 

o 
e 

2 

3 

1 

■5 

_o 

o 

B 

o 

o 

6 
S 

ALBDMINOID. 

1 

^ 

a 

3 

2 

■a 
a 
> 
o 

i 

S5 

a 

' 

orj 

H 

h-J 

b 

H 

O 

00 

O 

Z 

z 

o 

M 

1809. 

26447 

Mar.  10 

V.  slight. 

Slight. 

.02 

3.85 

0.85 

.0046 

.0132 

.0104 

.0028 

.68 

.0020 

.0001 

.18 

1.3 

27050 

May     9 

V.  slight. 

Slight. 

.05 

3.85 

1.25 

.0014 

.0162 

.0124 

.0038 

.57 

.0020 

.0000 

.17 

1.1 

28095 

Aug.    8 

V.  slight. 

Slight. 

.04 

3.90 

1.25 

.0004 

.0120 

.0112 

.0008 

.68 

.0020 

.0000 

.19 

1.4 

29316 

Nov.    9 

V.  slight. 

Slight. 

.09 

3.90 

1.25 

.0088 

.0168 

.0148 

.0020 

.69 

.0010 

.0000 

.14 

1.3 

Averages  by  Years. 


1891 
1895 
1896 
1897 
1898 
1899 


.01 

3.69 

0.99 

.0006 

.0123 

.0097 

.0027 

.55 

.0041 

.0000 

- 

.03 

4.03 

1.20 

.0010 

.01.39 

.0109 

.0030 

.73 

.0013 

.0000 

.18 

- 

.03 

3.65 

1.11 

.0008 

.0136 

.0103 

.0033! 

.70 

.0025 

.0000 

.18 

- 

.04 

3.55 

1.09 

.0021 

.0167 

.0114 

.0053 

.73 

.0035 

.0000 

.16 

- 

.05 

3.96 

1.39 

.0024 

.0159 

.0129 

.00301 

.74 

.0023 

.0000 

.17 

- 

.05 

3.87 

1.15 

.0038 

.0145 

.0122 

.0023| 

.65 

.0017 

.0000 

.17 

1.3 
1.7 
1.2 
1.3 


Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable,  sometimes  none. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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PEMBROKE. 


Pembroke. 


Chemical  Examination  of  Water  from  Silver  Lake,  in  Pembroke,  collected  near 

the  Surface. 

[Parts  per  100,000.] 


B 
o 

o 

O 

Appbakancb. 

Kesiddk  on 
Evapora- 
tion. 

Ammonia. 

c 

6 

.64 

i^ITKOGEN 
AS 

a 

3 

c 

c 
<u 
be 
!^ 

o 

■3 

3 

1 
■3 

o 
"3 
o 

o 

o 

3 

u 

albuminoid. 

2 

a 

s 
tz; 

o 

Eh 

13 
> 
O 

s 

■a 
1  c 
00 

25847 

1899. 

Jan.     4 

V.  Blight. 

Slight. 

.17 

3.10 

1.25 

.0000 

.0114 

.0112 

.0002 

.0010 

.0000 

.30 

0.8 

26369 

Mar.    1 

V.  slight. 

V.  slight. 

.16 

2.75 

1.20 

.0004 

.0136 

.0124 

.0012 

.63 

.0020 

.0000 

.31 

0.5 

27014 

May     3 

V.  slight. 

Slight. 

.15 

3.30 

1.35 

.0002 

.0124 

.0110 

.0014 

.61 

.0030 

.0000 

.32 

0.2 

27670 

July    6 

V.  slight. 

V.  Blight. 

.13 

2.65 

0.60 

.0008 

.0126 

.0106 

.0020 

.60 

.0030 

.0000 

.28 

0.3 

28491 

Sept.  5 

V.  slight. 

V.  Blight. 

.09 

3.35 

1.20 

.0010 

.0138 

.0134 

.0004 

.64 

.0010 

.0000 

.27 

0.3 

29209 

Nov.    1 

V.  slight. 

V.  slight. 

.07 

2.95 

1.30 

.0018 
.0007 

.0132 

.0126 

.0006 

.66 
.63 

.0020 

.0000 
.0000 

.23 

.28 

0.3 

Av... 

.13 

3.02 

1.15 

.0128 

.0119 

.0009 

.0020 

0.4 

Odor,  generally  none.    A  vegetable  odor  was  developed  in  all  of  the  samples  on  heating, 
samples  were  collected  from  the  lake,  off  Gunner's  Point. 


•The 


Microscopical  Examination  of  Water  from  Silver  Lake,  in  Pembroke,  collected  near 

the  Surface. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

March. 

May. 

July. 

Sept. 

Nov. 

Day  of  examination,         .        *        .        . 

5 

2 

4 

7 

6 

2 

Number  of  sample, 

25847 

26369 

27014 

27670 

28491 

29209 

PLANTS. 

Diatomacees 

1,357 

754 

84 

1 

34 

128 

Melosira, 

1,300 

752 

33 

0 

0 

120 

CyanophycesB, 

0 

0 

0 

22 

0 

0 

Algse 

0 

0 

0 

0 

4 

0 

ANIMALS. 

Infusoria 

1 

4 

10 

1 

0 

2 

Vermes, 

0 

1 

5 

2 

I 

0 

Crustacea,  Cyclops 

0 

0 

pr. 

0 

0 

0 

Miscellaneous,  Zoogloea 

3 

5 

5 

5 

3 

3 

Total 

1,361 

764 

104 

31 

42 

133 
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PEMBROKE. 

Chemical  Examinalion  of  Water  from  Silver  Lake,  in  Pembroke,  collected  near  the 

Bottom. 

[Parte  per  100,000.] 


1 

o 

o 
» 
OS 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

i 
1 
s 

Nitrogen 

AS 

■d 

i 

s 

s 
c 

o 

c 

(U 
bo 

% 

ii 

a 
Eh 

c 
1 

o 

6 

"3 
I 

o| 

o 

6 
£ 
fa 

albuminoid. 

00 

g 

t- 

g 

0) 

a 

3 

o 

Eh 

-6 
1 

S 

■a 
il 

GO 

1899. 

1 

25848 

Jan.    4 

V.  slight. 

Slight. 

.17 

3.20 

1.25 

.0004 

.0120 

.0116 

.0004 

.63 

.0010 

.0000 

.31 

0.8 

26370 

Mar.    1 

V.  Blight. 

V.  slight. 

.15 

3.15 

1.85 

.0008 

.0114 

.0104 

.0010 

.65 

.0010 

.0000 

.30 

0.5 

27015 

May     3 

V.  slight. 

V.  slight. 

.15 

2.90 

1.25 

.0000 

.0142 

.0128 

.0014 

.63 

.0000 

.0000 

.30 

0.3 

27671 

July    6 

V.  slight. 

V.  slight. 

.15 

8.00 

1.00 

.0006  .0108 

.0088 

.0020 

.60 

.0000 

.0000 

.28 

0.8 

28492 

Sept.  6 

V.  slight. 

V.  slight. 

.10 

3.35 

1.05 

.0000  .0132 

.0114 

.0018 

.62 

.0010 

.0000 

.28 

0.3 

29210 

Nov.    1 

V.  slight. 

V.  slight. 

.11 

3.05 

1.45 

.0010 

.0130 

.0126 
.0113 

.0004 
.0011 

.66 
.63 

.0020 

.0000 
.0000 

.24 
.28 

0.3 

Av... 

.14 

3.11 

1.31 

.0005 

.0124 

.0008 

0.5 

Odor,  faintly  vegetable. 


•  The  samples  were  collected  from  the  lake,  off  Gunner's  Point. 


Chemical  Examination  of  Water  from  Oldham  Pond,  Pembroke. 

[Parts  per  100,000.] 


c 
o 

"5 

o 
O 

o 

"5 

Q 

Appearance. 

Residue  ok 
Evapora- 
tion. 

Ammonia. 

a 

r. 

o 

Nitrogen 
as 

•6 

a 

o 

a 
o 

2 

1 

o 

"S 

O 

"3 

o 

e 
_o 

|| 

o 
1-3 

fa 

albuminoid. 

i 

S5 

o 

■6 
o 

5 

•6 
■o 

1  c 

So, 

OS 

00 

a 

1899. 

26126 

Feb.    5 

Slight. 

Slight. 

.41 

3.75 

1.50 

.0024 

.0238 

.0184 

.0054 

.63 

.0040 

.0002 

.57 

0.6 

27021 

May     7 

V.  slight. 

V.  slight 

.37 

3.55 

1.10 

.0024 

.0190 

.0176 

.0014 

.57 

.0040 

.0000 

.48 

0.5 

28064 

Aug.    6 

Slight. 

Slight. 

.16 

3.55 

1.10 

.0012 

.0194 

.0182 

.0012 

.62 

.0010 

.0000 

.38 

0.6 

29238 

Nov.    5 

V.  slight. 

V.  slight. 

.15 
.27 

3.35 

1.25 

.0008 

.0212 

.0192 

.0020 
.0025 

.64 
.61 

.0020 

.0000 
.0000 

.30 
.43 

0.3 

Av... 

3.55 

1.24 

.0017 

.0208 

.0183 

.0027 

0.5 

Odor  of  the  second  and  third  samples,  distinctly  vegetable;  of  the  others,  faintly  vegetable. The 

samples  were  collected  from  the  pond,  near  its  outlet. 
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PEMBROKE. 

Microscopical  Examination  of  Water  from  Oldham  Pond,  Pembroke. 

[Number  of  organisms  per  cubic  centimeter.] 


May.  Aug. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
DiatomacesB,    . 

Synedra 

CyanophycesB, 

Anabsena,  .... 
Merismopoedla,  . 

Algse, 

ANIMALS. 

Infusoria 

Ciliated  infaaorian,  . 
Dinobryon, 

Vermes,      .... 

Crustacea,  .... 
Cyclops 

Miscellaneous,  Zobglica, 

Total 


26126 


29238 


118 


6 
2 

234 

212 
16 


pr. 
pr. 


267 


Water  Supply  of  Pittsfield. 
Chemical  Examination  of  Water  from  Sachet  Brook  Reservoir,  Pittsfield. 

[Parts  per  100,000.] 


1 

1 

o 
a 
a 

a 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
•C 

O 

Nitrogen 

AS 

s 

3 

o 

c 

o 

S 

c 
1 

c 

a 
o 

1 

o 

ALBUMINOID. 

1 

a 
izi 

3 

> 

Q 

•6 
■a 

3  P. 

an 

1 

1899. 

26557 

Mar.  21 

V.  slight. 

V.  Blight 

.05 

5.60 

1.00 

.0020 

.0224 

.0216 

.0008 

.08 

.0070 

.0001 

.15 

4.2 

27600 

June  27 

V.  Blight. 

V.  slight. 

.09 

7.35 

1.15 

.0004 

.0120 

.0098 

.0022 

.06 

.0080 

.0002 

.14 

6.6 

28788 

Sept.  27 

V.  Blight. 

Slight. 

.68 

7.16 

3.25 

.0016 

.0224 

.0198 

.0026 

.09 

.0080 

.0000 

.96 

3.8 

29800 

Dec.  27 

None. 

V.  slight. 

.03 

6.85 

1.45 

.0000 

.0010 

.0040 

.0000 

.08 
.08 

.0120 

.0000 
.0001 

.13 
.34 

4.1 

Av... 

.21 

6.74 

1.71 

.0010 

.0152 

.0138 

.0014 

.0087 

4  7 

Odor,  faintly  vegetable  or  none. 
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PITTSriBLD. 

Chemical  Examinatiori  of  Water  from  Sacket  Brook  in  the  Vicinity  of  the  Pumping 
Station  of  the  Pittsfield  Water  Works. 

[Parts  per  100,000.] 


o 
o 

03 

Q 

Appearance. 

Kesidce  on 
Evapora- 
tion. 

Ammonia. 

a 
o 
la 
o 

.08 

.21 
.12 
.08 

.12 

Nitrogen 
as 

1 

3 
B 

a 

a 
S) 

r^ 
>< 
O 

s 

s 
H 

a 

tc 

"o 

O 

e 
o 

o 

1^ 

u. 

b 

ALBUMINOID. 

1 

J2 
S 

1 

T3 

> 
o 

5 

■a 

•o 

1  a 

3  P. 
tB 

c 
1 

26556 

27599 
28787 
29799 

1899. 

Mar.  21 

June  27 
Sept.  27 
Dec.  27 

V.  slight. 

V.  slight. 
V.  slight. 
None. 

Cons., 

earthy. 
V.  slight. 
Slight. 
V.  slight. 

.05 

.07 
.35 
.02 

6.50 

9.35 
10.00 
10.25 

1.10 

1.75 
2.00 
1.85 

.0002 

.0030 
.0016 
.0004 

.0046 

.0136 
.0152 
.0034 

.0034 

.0116 

.0128 
.0034 

.0012 

.0020 
.0024 
.0000 

.0120 

.0190 
.0060 
.0250 

.0001 

.0002 
.0001 
.0000 

.10 

.16 

.45 
.09 

.20 

5.6 

7.9 
8.6 
8.9 

Av... 

.12 

9.02 

1.67 

.0013 

.0092 

.0078 

.0014 

.0155 

.0001 

7.7 

Odor,  faintly  vegetable  or  none. 

Chemical  Examniation  of  Water  from  Ashley  Brook  Reservoir,  Pittsfield. 


[Parts  per  100,000.] 


IlESIDnE   ON 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

« 

tion. 

y 

3 

c 

c 

ALBDMINOID. 

c 

o 

^ 

■d 

« 

0 

J2 

a 

3 

-a 
S 
a 

a 

"3 

u 

o 
o 

■3 
0 

Is 

0 

i 

s 

> 

•a 
1   s 
s  0. 

c 
1 

i 

~ 

a 
■2 

H 

00 

O 

J 

U4 

B 

Q 

03 

0 

S 

0 

H 

1899. 

26553 

Mar.  21 

None. 

V.  slight. 

.02 

6.60 

1.25 

.0010 

.0044 

.0042 

.0002 

.09 

.0110 

.0001 

.11 

5.6 

27596 

June  27 

V.  slight. 

None. 

.16 

5.60 

1.35 

.0026 

.0106 

.0098 

.0008 

.05 

.0050 

.0000 

.25 

4.0 

28784 

Sept.  27 

Decided. 

Slight. 

.50 

5.85 

2.40 

.0024 

.0236 

.0204 

.0032 

.10 

.0050 

.0000 

.81 

3.1 

29796 

Dec.  27 

None. 

None. 

.10 

7.15 

1.25 

.0002 

.0050 
.0109 

.0050 

.0000 

.10 
.08 

.0170 

.0000 
.0000 

.15 
.83 

5.7 

Av... 

.19 

6.30 

1.56 

.0015 

.0098 

.0011 

.0095 

4.6 

Odor,  faintly  vegetable  or  none. 

Chemical  Examination  of  Water  from  Hathaway  Brook  Reservoir,  Pittsfield, 

[Parts  per  100,000.] 


c 

0 

1 
0 

0 

03 

Q 

Appeaeance. 

Residdb  on 
Evapora- 
tion. 

Ammonia. 

c 
0 

.c 

0 

.09 
.09 
.12 
.11 

.10 

Nitrogen 

AS 

a 

s 

1 

g 
5 

■5 

f. 

3 

c 

a 
02 

0 

_!_ 

.02 
.02 
.35 
.10 

"3 

1 

11 

0 

2 

albuminoid. 

1 

0 

a 

s 
'A 

■3 

•d 
> 
0 

•6 

•a 
1  c 

3  p. 

tc 

a; 

c 

■s 

a 

26554 
27697 
28785 
29797 

1899. 

Mar.  21 
June  27 
Sept.  27 
Dec.  27 

V.  slight. 
None. 
Decided. 
None. 

Slight. 
V.  slight. 
Cons. 
V.  slight 

6.95 
10.00 
8.25 
9.10 

1.40 
2.00 
2.15 
2.10 

.0000 
.0000 
.0016 
.0000 

.0046 
.0046 
.0176 
.0034 

.0028 
.0042 
.0128 
.0034 

.0018 
.0004 
.0048 
.0000 

.0160 
.0090 
.0060 
.0200 

.0000 
.0000 
.0000 
.0000 

.0000 

.09 
.08 
.36 
.12 

.16 

6.1 
8.1 
6.0 
7.9 

Av... 

12 

8.57 

1.91 

0004    inTR 

0058    f^fiT 

.0127 

7  0 

Odor  of  the  third  sample,  faintly  unpleasant,  becoming  stronger  on  heating;  of  the  others,  none. 
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PITTSFIELD, 

Chemical  Examination  of  Water  from  Mill  Brook  Reservoir,  Pittsfelcl. 

[Parts  per  100,000.] 


Residue  on 

1 

c 

Appearance. 

KVAPORA- 
TION. 

Ammonia. 

Nitrogen 

AS 

a 

d 

albuminoid. 

1 

a 

o 
o 

O 

'■3 

1 
•3 

c 

o 
o 

o 

P 
o 

o 

> 

■a 

■S 
,  c 

S  p. 

o 

2 

? 

g 

J? 

c 

o 

1 

1899. 

26555 

Mar.  21 

None. 

V.  slight. 

.00 

3.85 

0.75 

.0000 

.0026 

.0026 

.0000 

.07 

.0080 

.ooooi 

.10 

2.7 

27598 

June  27 

None. 

V.  slight. 

.00 

6.15 

0.90 

.0004 

.0038 

.0038 

.0000 

.06 

.0080 

.0000 

.05 

4.0 

28786 

Sept.  27 

V  slight. 

V.  slight. 

.10 

6.00 

1.25 

.0010 

.0118 

.0118 

.0000 

.14 

.0060 

.0000, 

.22 

3.9 

29798 

Dec.  27 

V.  slight. 

V.  slight. 

.12 

5.30 

1.15 

.0000 

.0032 

.0032 

.0000 
.0000 

.08 
.09 

.0110 

.0000 

.10 
.12 

4.0 

Av..- 

.05 

5.32 

1.01 

.0003 

.0053 

.0053 

.0082 

.0000 

3  1 

Odor,  none. 


Water  Supply  of  Plymouth. 
Chemical  Examination  of  Water  from  Little  South  Pond,  Plymouth. 

[Parts  per  100,000.] 


Residue  on 

a 

Appkakance. 

Evapora- 

Ammonia. 

Nitrogen 

o 

tion. 

a 

a 

albuminoid. 

O 

>. 

i 

•d 

V 

o 

i 

a 

3 

o 

3 

a 

■3 

_o 

"3 

"o 

l^ 

i 

"3 

> 

■a 
=  ft 

C 
*-, 
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t4 

Si 

1 

03 

!zi 

Q 

H 

ai 

O 

H 

I-] 

fn 

&H               Q 

tc 

O 

^ 

(Zi 

o 

a 

1899. 

25911 

Jan.   10 

None. 

Slight. 

.01 

2.40 

1.05 

.0012 

.0124 

.0112 

.0012 

.69 

.0010 

.0000 

.n 

0.0 

26422 

Mar.    8 

V.  slight. 

Slight. 

.01 

2.25 

0.80 

.0024 

.0110 

.0098 

.0012 

.76 

.0030 

.0000 

.13 

0.0 

26732 

Apr.  12 

V.  slight. 

V.  slight. 

.03 

2.45 

1.05 

.0008 

.0112 

.0106 

.0006 

.71 

.0020 

.0000 

.14 

0.0 

27036 

May     9 

V.  Blight. 

V.  slight. 

.00 

2.50 

0.85 

.0022 

.0142 

.0132 

.0010 

.75 

.0020 

.0000 

.10 

0.0 

27420 

June  13 

V.  slight. 

V.  slight. 

.01 

2.15 

0.85 

.0006 

.01.30 

.0114 

.0016 

.77 

.0020 

.0000 

.15 

0.0 

27720 

July  11 

V.  slight. 

Slight. 

.00 

2.40 

0.50 

.0006 

.0168 

.0152 

.0016 

.73 

.0020 

.0000 

.13 

0.0 

28094 

Aug.    8 

None. 

V.  slight. 

.03 

2.75 

0.90 

.0006 

.0158 

.0128 

.0030 

.74 

.0030 

.0000 

.21 

0.2 

28613 

Sept.  13 

V.  slight. 

V.  Blight. 

.03 

3.00 

0.90 

.0014 

.0182 

.0162 

.0020 

.79 

.0010 

.0000 

.11 

0.2 

28946 

Oct.    11 

V.  slight. 

V  slight. 

.05 

2.35 

0.75 

.0022 

.0170 

.0154 

.0016 

.76 

.0020 

.0000.1.14 

0.2 

29298 

Nov.    3 

V.  slight. 

V.  slight. 

.00 

2.50 

0.75 

.0002 

.0172 

.0148 

.0024 

.75 

.0020 

.0000 

.15 

0.2 

29620 

Dec.  12 

V.  slight. 

V.  slight. 

.04 

2.75 

0.80 

.0010 

.0162 

.0142 

.0020 

.77 

.0050 

.0000 

.12 

0.0 

Averages  by  Years. 


1894 

1895 

_ 

1896 

_ 

1897 

- 

1898 

- 

1899 

- 

.03 

2.89 

0.83 

.0010 

.0138 

.0114 

.0024 

.66 

.0008 

.0000 

.12 

.02 

2.36 

0.78 

.0002 

.01,55 

.0124 

.0031 

.65 

.0027 

.0000 

.12 

.02 

2.38 

0.78 

.0006 

.0148 

.0126 

.0022 

.66 

.0016 

.0000 

.13 

.03 

2.42 

0.80 

.0014 

.0159 

.0142 

.0017 

.67 

.0019 

.0000 

.10 

.05 

2.41 

0.96 

.0009 

.0148 

.0126 

.0022 

.68 

.0005 

.0000 

.13 

.02 

2.50 

0.84 

.0012 

.0148 

.0132 

.0016 

.75 

.0023 

.0000 

.14 

0.2 
0.3 
0.1 
0.1 
0.3 
0.1 


Note  to  analyses  of  1899;  Odor  in  March  and  September,  very  faintly  vegetable;  at  other  times, 
none.  On  heating,  the  odor  of  most  of  the  samples  became  faintly  vegetable,  and  in  January,  May  and 
July,  fishy  and  oily. 
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PliYMOITTH. 

Microscopical  Examination  of  Water  from  Little  South  Pond,  Plym,outh. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May 


July. 


Aug. 


Sept 


Day  of  examination,    . 
Number  of  sample, 

PLANTS. 
Diatomaceae, 

Oyanopliycese,     . 

Anabasna, 
Rivularia, 

Algee 

Protococcus,  . 

ANIMALS. 
Infusoria, 

Dinobryon,    . 
Uroglena,       .        .        . 

Vermes,    .       .       .       . 

Crustacea,  Cyclops, 

Miscellaneous,  Zooglcea, 

Total,  .   .   .   . 


11 
25911  26422 


12 
26732 


10 

27036 


15 

27420 


12 
27720 


28094 


14 
28613 


11 

28946 


12 
29620 


25 


27 


30 


45 


50 


54 


20 


25 


79 


84 


139 


The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
Plymouth,  with  reference  to  the  quality  of  the  water  of  Elder 
Brewster  Spring  in  that  town,  may  be  found  on  pages  36  and  37 
of  this  volume.  The  results  of  an  analysis  of  a  sample  of  water 
from  the  spring  are  given  in  the  following  table  :  — 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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PliYMOTJTH. 

Chemical  Examination  of  Water  from  Elder  Brewster  Spring  in  Plymouth. 

[Parts  per  100,000.] 


§ 

Appearance. 

c 

Ammonia. 

Nitrogen 

■d 

•3 

4 
2W 

a 

u 

■a 

s 

s 

■3 
3 
a 

1 
"5 

o 

2 

o 

B 

c 
o 

b. 

1 

c 

03 

s 

'A 

Q 

Eh          1          CO 

O 

Pi 

fa 

< 

O 

z; 

!2; 

o 

M 

1899. 

27567 

June  24 

None.        None. 

.00 

7.00 

.0006 

.0006 

1.13 

.1000 

.0000 

.00 

1.1 

.0010 

Odor,  none. The  sample  was  collected  from  a  faucet  at  a  public  drinking  fountain  on  Leyden 

Street,  near  head  of  Main  Street,  which  is  supplied  with  water  from  Elder  Brewster  Spring. 


Water  Supply  of  Provincetown. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Province- 
town,  with  reference  to  the  removal  of  iron  and  organic  matter  from 
the  public  water  supply  of  that  town,  may  be  found  on  pages  37  to 
39  of  this  volume. 


Chemical  Examination  of  Water  from  the  Open  Basin  of  the  Provincetown  Water 

Works. 

[Parts  per  100,000.] 


a 
o 

a 

Appearance. 

0 

a  > 

Ammonia. 

6 

c 

1 
0 

Nitrogen 

AS 

"d 

1 

c 
•a 

1 

a 

a 

■3 

1 
3 

a 

0 
0 

2 
fa 

•6 
■3 

< 

1 

1899. 

25851 

Jan.     4 

Decided. 

Heavy. 

0.75 

10.90 

.0170 

.0164 

2.42 

.0060 

.0001 

.68 

2.9 

.4200 

26169 

Feb.     6 

Decided. 

Uons. 

0.75, 

10.70 

.0188 

.0142 

2.38 

.0010 

.0002 

.64 

3.8 

.3400 

26389 

Mar.     6 

Decided. 

Cons. 

0.801 

10.00 

.0158 

.0266 

2.54 

.0050 

.0001 

.67 

2.7 

.3200 

26677 

Apr.    5 

Decided. 

Heavy. 

1.00 

11.50 

.0230 

.02t2 

2.62 

.0050 

.0000 

.76 

3.1 

.5400 

27011 

May     3 

Decided. 

Heavy. 

- 

12.00 

.0268 

.0200 

2.62 

.0030 

.0000 

.88 

3.5 

.6800 

27348 

June    7 

Decided. 

Heavy. 

1.15 

10.20 

.0122 

.0160 

2.81 

.0020 

.0000 

.73 

2.3 

.3400 

27686 

July     6 

Decided. 

Heavy. 

1.30 

11.10 

.0054 

.0182 

2.60 

.0060 

.0000 

.81 

2.2 

.2800 

28039 

Aug.    2 

Slight 

Cons. 

i.is! 

10.50 

.0006 

.0260 

2.60 

.0040 

.0001 

.78 

2.5 

.3600 

28518 

Sept.   6 

Decided. 

Cons. 

1.401 

11.40 

.0100 

.0210 

2.63 

.0080 

.0001 

.87 

2.3 

7200 

28891 

Oct.     4 

Decided. 

Heavy. 

2.00' 

11.80 

.0234 

.0168 

2.60 

.0020 

.0001 

.85 

3.0 

.4800 

29216 

Nov.    1 

Decided. 

Cons. 

*1.05 

9.20 

.0110 

.0196 

2.54 

.0110 

.0001 

.69 

2.3 

.2400 

29600 

Dec.    9 

Decided. 

Heavy. 

1.60 

12.40 

.0276 

.0180 

2.59 

.0050 

.0001 

.86 

2.5 

.6000 

Av... 

1899 

1.18 

10.97 

.0159 

.0194 

2.58 

.0048 

.0001 

.77 

2.8 

.4433 

Av... 

1898 

0.66 

9.42 

.0054 

.0151 

2.50 

.0047 

.0001 

.62 

2.1 

.2289 

Note  to  analyses  of  1899  :   Odor,  in  August,  faintly  mouldy  and  unpleasant;  at  other  times,  faintly 
earthy  or  none. 

*  Filtered. 
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RANDOLPH  AMD  HOI^BROOK. 

Water  Supply  or  Randolph  and  Holbrook. 
Chemical  Examination  of  Water  from  Inlet  of  Or  eat  Pond. 

[Parts  per  100,000.] 


Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

« 

'% 

tion. 

3 

a 

albuminoid. 

a 

o 

>> 

c 

.2 

■d 

•d 

(C 

M 

0 

a 

o 

S 

s 

a 

3 

■3 

o  3. 

6 

■3 

> 
0 

■a 
1  c 

^ 

g 

5 

a 
•a 

IZi 

c 

H 

Uj 

U 

E^ 

b^ 

a 

OD 

0 

!z; 

z 

0 

M 

1899. 

25887 

Jau.     9 

None. 

V.  slight. 

.10 

2.50 

1.00 

.0000 

.0050 

.0044 

.0006 

.33 

.0010 

.0000 

.18 

0.5 

26167 

Feb.     6 

None. 

V.  slight. 

.08 

2.00 

0.55 

.0002 

.0032 

.0028 

.0004 

.32 

.00001.0000 

.14 

0.3 

26408 

Mar.    7 

V.  Blight. 

V.  slight 

.15 

2.50 

1.00 

.0004 

.0054 

.0044 

.0010 

.36 

.0010 

.0000 

.23 

0.0 

26730 

Apr.  n 

None. 

Slight. 

.13 

1.60 

0.25 

.0000 

.0048 

.0048 

.0000 

.28 

.0010 

.0000 

.20 

0.0 

27051 

May     9 

V.  slight 

Slight. 

.26 

2.55 

1.10 

.0000 

.0110 

.0104 

.0006 

.32 

.0020 

.0001 

.36 

0.0 

27421 

June  13 

V.  slight 

V.  slight. 

.14 

2.60 

1.00 

.0002 

.0102 

.0088 

.0014 

.36 

.00201.0000 

.29 

0.6 

27724 

July  n 

V.  slight. 

Slight. 

.21 

3.15 

1.05 

.0006 

.0160 

.0140 

.0020 

.35 

.0030!.  0000 

.35 

0.3 

28097 

Aug.    8 

V.  slight. 

Slight. 

.21 

3.65 

1.10 

.0006 

.0132 

.0108 

.0024 

.37 

.0010  .0000 

.34 

0.3 

28577 

Bept.  12 

V.  slight. 

V.  slight. 

.23 

4.75 

1.70 

.0006 

.0170 

.0156 

.0014 

.45 

.0040  .0000 

.41 

0.3 

28947 

Oct.    10 

V.  slight. 

V.  slight. 

.32 

3.40 

1.25 

.0004 

.0108 

.0104 

.0004 

.40 

.0010 

.0000 

.49 

0.3 

29279 

Nov.    7 

V.  slight. 

V.  slight 

.18 

2.95 

i.no 

.0000 

.0062 

.00,52 

.0010 

.38 

.0010 

.0001 

.29 

0.3 

29641 

Dec.  12 

None. 

Slight. 

.18 

2.85 

0.70 

.0002 

.0074 
.0092 

.0062 

.0012 

.34 

.35 

.0010 

.0000 

.24 
.29 

0.2 

Av... 

.18 

2.87 

0.97 

.0003 

.0082 

.0010 

.0015 

.0000 

0  <^ 

Odor,  generally  vegetable,  fVequently  none,  sometimes  unpleasant  or  mouldy. 

Chemical  Examination  of  Water  from  Great  Pond  in  Randolph  and  Braintree. 

[Parts  per  100,000.] 


,  Kesidue  on 

B 

Appeakakce. 

EVAPORA- 

Ammonia. 

Nitrogen 

a> 

0 

s 

1        tion 

6 

0 

2 

Id 

s 

a 
0 

a 
a 

1 
■3 

u 

0 

t 

a 
0 

§1 

albuminoid. 

£ 

't- 

c 

a 

s 

B 

> 

■c 
1  a 
3  0. 

0 

a 

■2 
03 

IZi 

p. 

H 

m 

0 

H 

»-) 

fa    1     El 

Q 

oc 

0 

^; 

!z; 

0 

m 

1899. 

25888 

Jan.     9 

V.  slight. 

V.  Blight. 

.50 

4.25 

2.00 

.0004  .0158 

.0152 

.0006 

..52 

.0090 

.0000 

.67 

1.0 

26168 

Feb.     6 

None 

V.  slight. 

.11 

2.50 

0.85 

.0002  .0062 

.0046 

.0006 

.36 

.0010 

.0000 

.25 

1.1 

26409 

Mar.    7 

V.  slight. 

Slight. 

.38 

3.95 

1.40 

.OOlSj. 0158,. 0132 

.0026 

.44 

.0070 

.0001 

.46 

1.1 

26731 

Apr.  n 

V.  slight. 

None. 

.32 

3.25 

1.40 

.0000 '.0122 

.0118 

.0004  1.33 

.0070 

.0000 

.38 

o.s 

27052 

May     9 

V.  slight. 

V.  slight. 

.37 

2.90 

1.16 

.0004 

.0132 

.0126 

.00061 

.42 

.0040 

.0000 

.44 

0.5 

27422 

June  13 

V.  slight. 

V.  slight 

.25 

2.75 

1.00 

.0002 

.0182 

.0170 

.0012 

.48 

.0050 

.0000 

.42 

1.3 

27725 

July  n 

V.  slight. 

V.  slight. 

.20 

3.25 

1.35 

.0008 

.0184 

.0178 

.0006 

.43 

.0000 

.0000 

.37 

0.8 

28098 

Aug.    8 

Slight. 

V.  slight. 

.20 

3.95 

1.15 

.0000 

.0190 

.0184 

.0006 

.60 

.0030 

.0000 

.38 

1.0 

28578 

Sept.  12 

Slight. 

Slight 

.20 

3.70 

1.45 

.0006 

.0260 

.0234 

.0026' 

.46 

.0060 

.0000 

.35 

0.5 

28948 

Oct.   10 

V.  slight. 

V.  slight. 

.21 

3.85 

1.20 

.0006 

.0196 

.0188 

.00081 

.43 

.0010 

.0000 

.40 

0.8 

29280 

Nov.    7 

V   slight. 

V.  slight. 

.32 

4.20 

1.70 

.0028 

.0262 

.0210 

.0052' 

.50 

.0030 

.0002 

.54 

0.6 

29642 

Dec.  12 

V.  slight. 

V.  slight. 

.40 

4.25 

1.35 

.0006 

.0206 

.0190 

.0016 

.51 

.0010 

.0000 

.48 

0.8 

Averages  by  Years. 


1893 

.48 

4.73 

1.84 

.0017 

.0226 

.0176 

.0050 

.58 

.0050 

.0000 

.51 

1.1 

_ 

1894 

_ 

_ 

.47 

4.16 

1.68 

.0004 

.0156 

.01.37 

.0019 

.63 

.0020 

.0000 

.45 

1.2 

_ 

1896 

_ 

_ 

..53 

3.92 

1.70 

.0013 

.0221 

.0195 

.0026 

.54 

.0055 

.0001 

.58 

0.8 

_ 

1S97 

_ 

_ 

.48 

4.01 

1.62 

.0004 

.0190 

.0167 

.0023 

.68 

.0064 

.0000 

.53 

1.1 

_ 

1898 

_ 

_ 

.63 

4.28 

1.96 

.0007 

.0202 

.0186 

.0016 

.64 

.0041 

.0000 

.65 

1.1 

- 

1899 

- 

- 

.29 

3.57 

1.33 

.0007 

.0175 

.0161 

.0014 

.46 

.0039 

.0000 

.42 

0.8 

Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the  odor 

of  some  of  the  samples  became  stronger,  and  in  January  and  March  faintly  fishy. Nos.  26409,  26731, 

27726,  28098  and  29642  were  collected  from  a  faucet  in  the  pumping  station;  the  others,  from  the  pond. 
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RANDOLPH  AISTD  HOL.BROOK. 

Microscopical  Examination  of  Water  from  Great  Pond,  in  Randolph  and  Braintree. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,  .... 

10 

8 

8 

13 

10 

15 

12 

10 

13 

11 

8 

13 

Number  of  sample,    .... 

25888 

26168 

26409 

26731 

27052 

27422 

27725 

28098 

28578 

28948 

29280 

29642 

PLANTS. 

Diatomacese 

182 

3 

I 

27 

30 

214 

10 

6 

4 

2 

23 

59 

Cyclotella 

Melosira, 

Synedra, 

0 

180 

1 

0 
0 

1 

0 
0 
1 

0 
0 
15 

0 

7 
10 

134 

0 
79 

7 
0 

2 

2 
0 
0 

0 
0 

2 

1 
0 
1 

19 

0 

1 

58 
0 

1 

Oyanoptiyceae 

0 

0 

0 

0 

0 

1 

0 

110 

IB 

4 

0 

0 

Anabisna 

Microcystis 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

1 

0 
0 

86 
24 

8 
8 

0 
4 

0 
0 

0 
0 

AlgSB, 

0 

0 

0 

0 

0 

5 

3 

42 

26 

25 

0 

0 

Fungi,  Crenothrix, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

15 

0 

0 

ANIMALS. 

Infusoria 

0 

173 

40 

12 

0 

12 

1 

0 

2 

0 

2 

0 

Dinobryon, 

Peridinlum, 

0 
0 

169 

1 

0 
40 

12 
0 

0 
0 

12 
0 

0 

1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

Vermes,  Polyarthra,     . 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

Crustacea,  Cyclops,     . 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

Miscellaneous,  Zobgloea,   . 

3 

3 

0 

0 

3 

3 

0 

3 

5 

3 

3 

0 

Total 

185 

179 

41 

39 

33 

235 

15 

161 

53 

50 

28 

59 

The  advice  of  the  State  Board  of  Health  to  the  board  of  health  of 
Randolph,  relative  to  the  quality  of  the  water  of  a  well  used  for  the 
supply  of  several  families  in  that  town,  may  be  found  on  page  39  of 
this  volume.  The  results  of  an  analysis  of  the  sample  of  water  col- 
lected from  the  well  is  given  in  the  following  table  :  — 

Chemical  Examination  of  Water  from  a  Well  on  Ward  Street,  Randolph. 

[Parts  per  100,000.] 


Appbaeance. 

d 

Ammonia. 

Nitrogen 

•6 

a 

a 

3 

5 

O 

§1 

1^ 

o 

c 

1 

2 

bo 

•3 

§ 

'A 

Q 

H 

02 

o 

u 

fe 

< 

o 

'A 

g 

o 

K 

1899. 

27352 

June    8 

None. 

v.  slight. 

.00 

16.20 

.0446 

.0056 

2.41 

.4950 

.0024 

.05 

4.7 

.0020 

Odor,  faintly  unpleasant,  becoming  stronger  on  heating, 
on  the  premises  of  Alice  Kenney,  on  Ward  Street. 


•  The  sample  was  collected  from  a  well 
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READING. 


Water  Supply  of  Reading. 


Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Reading  Water 

Works. 

[Parts  per  100,000.] 


c 
2 

"S 
o 

a 

Appearance. 

o 

a)  08 
3  > 

Ammonia. 

a 
o 

NITBOGEN 
AS 

•d 

1 

3 

a 
tl 

Ki 

o 

c 
a 

a 

a 

S 

3 

I 

o 
o 

1 

•6 
o 

< 

00 

Si 
2 

2 

25883 

1899. 

Jan.     9 

Decided . 

Heavy. 

60 

8.50 

.0080 

.0120 

.41 

.0010 

.0000 

.54 

2.8 

.2150 

28136 

Feb.    6 

Decided. 

Cons. 

70 

8.30 

.0088 

.0116 

.40 

.0030 

.0001 

.61 

2.7 

.2350 

26418 

Mar.    8 

Decided. 

Heavy. 

65 

8.00 

.0090 

.0112 

.39 

.0000 

.0000 

.52 

2.6 

.2200 

26700 

Apr.  10 

Decided. 

Cons. 

70 

6.70 

.0100 

.0126 

.36 

.0040 

.0000 

.4S 

2.7 

.1700 

27019 

May     6 

Decided. 

COUB. 

55 

7.50 

.0080 

.0112 

.32 

.0030 

.0000 

.53 

2.5 

.1100 

27335 

June    6 

Decided. 

Cons. 

80 

7.10 

.0076 

.0140 

.39 

.0040 

.0000 

.65 

2.0 

.1200 

27675 

July    6 

Decided. 

Cons. 

80 

7.00 

.0096 

.0104 

.40 

.0020 

.0000 

.56 

2.0 

.1200 

28073 

Aug.    7 

Decided, 

milky. 

Decided, 

Cons. 

55 

6.90 

.0088 

.0072 

.48 

.0020 

.0000 

.45 

2.2 

.0850 

28476 

Sept.    5 

Cons., 

69 

7.40 

.0112 

.0092 

.50 

.0040 

.0000 

.41 

2.0 

.1800 

28934 

Oct.  10 

floe. 
Decided. 

floe. 
Heavy. 

52 

8.00 

.0136 

.0128 

.59 

.0010 

.0001 

.54 

2.0 

.2400 

29241 

Nov.    5 

Decided. 

Cons. 

80 

9.30 

.0120 

.0084 

.52 

.0040 

.0000 

.39 

2.3 

.1700 

29614 

Dec.  11 

Decided. 

Cons. 

65 

8.90 

.0118 

.0106 

.52 

.0020 

.0000 

.38 

2.6 

.2000 

Averages  by  Years. 


_ 

1891 

_ 

_ 

.13 

12.96 

.0016 

.0063 

.43 

.0094 

.0001 

- 

5.1 

- 

_ 

1892 

- 

- 

.44 

9.25 

.0042 

.0073 

.54 

.0071 

.0001 

- 

3.4 

- 

_ 

1893 

- 

- 

.64 

10.08 

.0034 

.0087 

.56 

.0032 

.0001 

.35 

3.9 

.1251 

_ 

1894 

- 

- 

.45 

12.76 

.0043 

.0107 

.68 

.0029 

.0000 

.35 

5.0 

.2642 

_ 

1895 

- 

- 

.61 

13.88 

.0088 

.0114 

.72 

.0048 

.0000 

.44 

5.5 

.2277 

_ 

1896 

- 

- 

.52 

11.50 

.0080 

.0089 

.51 

.0059 

.0001 

.40 

4.1 

.2696 

_ 

1897 

- 

- 

.76 

11.12 

.0090 

.0110 

.53 

.0058 

.0001 

.44 

4.0 

.2644 

_ 

1898 

- 

- 

.82 

9.61 

.0095 

.0141 

.44 

.0003 

.0000 

.64 

3.0 

.2254 

- 

1899 

- 

- 

.67 

7.80 

.0099 

.0109 

.44 

.0025 

.0000 

.50 

2.4 

.1721 

NoTK  to  analyses  of  1899 :  Odor,  generally  none,  sometimes  earthy  or  unpleasant  on  hieating. 
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RBADING. 

Chemical  Examination  of  Water  from  Reading  Filter-gallery  after  passing 
through  the  Mechanical  Filter. 

[Parts  per  100,000.] 


c 
o 

o 
S. 

03 

Appbarancb. 

i 

a 

Ammonia. 

o 

.a 
O 

Nitrogen 

AS 

1 

i 

c 
■a 

1 

S2< 

3 

c 

a 

6 

^ 

12 

o 
a 

< 

1 

g 

-2 

i 

25884 

1899. 

Jan.     9 

V.  slight. 

None. 

.29 

18.00 

.0012 

.0106 

.41 

.0050 

.0012 

.40 

9.9 

.0080 

26137 

Feb.     6 

Slight. 

None. 

.27 

15.00 

.0034 

.0108 

.43 

.0030 

.0004 

.36 

9.0 

.0200 

26419 

Mar.    8 

V.  Blight. 

None. 

.20 

15.00 

.0032 

.0076 

.41 

.0030 

.0003 

.31 

8.9 

.0130 

26701 

Apr.  10 

None. 

None. 

.29 

14.30 

.0060 

.0090 

.31 

.0030 

.0004 

.33 

8.6 

.0160 

27020 

May     6 

V.  slight. 

V.  Blight. 

.31 

13.80 

.0022 

.0104 

.32 

.0060 

.0005 

.38 

8.1 

.0120 

27836 

June    6 

Slight, 

milky. 
V.  slight. 

None. 

.34 

13.50 

.0052 

.0104 

.39 

.0020 

.0020 

.43 

8.0 

.0150 

27676 

July    6 

None. 

.21 

14.20 

.0022 

.0052 

.43 

.0040 

.0015 

.32 

8.6 

.0030 

28074 

Aug,    7 

None. 

None. 

.26 

14.20 

.0040 

.0042 

.48 

.0040 

.0020 

.33 

8.6 

.0030 

28477 

Sept.   5 

None. 

None. 

.20 

14.40 

.0058 

.0070 

.54 

.0020 

.0024 

.29 

7.4 

.0040 

28935 

Oct.   10 

V.  slight. 

None. 

.14 

14.60 

.0024 

.0074 

.54 

.0080 

.0060 

.24 

8.6 

.0020 

29242 

Nov.    5 

None. 

None. 

.12 

15.80 

.0054 

.0050 

.62 

.0050 

.0013 

.19 

7.9 

.0020 

29616 

Dec.  11 

None. 

1 

None. 

.08 

14.40 

.0070 

.0080 

.57 

.0060 

.0012 

.25 

7.1 

.0030 

Averages  by  Years. 


- 

1896 

_ 

- 

.15 

19.42 

.0035 

.0067 

.56 

.0043 

.0016 

.24 

11.3 

.0091 

- 

1897 

- 

- 

.23 

18.54 

.0034 

.0084 

.52 

.0082 

.0010 

.29 

12.7 

.0037 

- 

1898 

- 

- 

.27 

16.82 

.0028 

.0103 

.45 

.0060 

.0006 

.34 

10.0 

.0132 

- 

1899 

- 

- 

.23 

14.60 

.0040 

.0080 

.45 

.0042 

.0016 

.32 

8.4 

.0084 

Note  to  analysesjof  1899  :  Odor,  none. 


Water  Supply  of  Eockland. 

(See  Abington.) 
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ROCKPORT. 


Water  Supply  of  Rockpoet. 
Chemical  Examination  of  Water  from  Gape  Pond,  Bockport. 

[Parts  per  100,000.] 


c 

o 
O 

Appearance. 

Eesidce  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

a 

a 
o 

o 

>. 

c 
o 

albdmisoid. 

■a 

■d 

« 

1 

3 

o 

3 
s 

1 

•a 

o 

a 

o 

6 

3 

o 

> 

■a 
i   c 

a  p. 

c 
o 

2 

S 

to 

a 

■s 

03 

iz; 

« 

H 

OQ 

O 

H 

<J 

fe 

f-l 

ci 

OQ 

o 

i-H 

1899. 

25955 

Jan.   16 

V.  slight. 

V.  slight. 

.54 

11.40 

2.60 

.0226 

.0266 

.0232 

.0034 

4.40 

.0060 

.0003 

.47 

1.0 

26239 

Feb.  17 

Blight. 

Slight. 

.46 

11.25 

2.25 

.0090 

.0220 

.0204 

.0016 

4.6b 

.0160 

.0003 

.40 

1.0 

26540 

Mnr.  21 

Slight. 

V.  Blight. 

.38 

10.70 

2.40 

.0084 

.0296 

.0228 

.0068 

4.05 

.0100 

.0001 

.50 

0.6 

26899 

Apr.  24 

Slight. 

Cons. 

.30 

9.50 

2.00 

.0006 

.0336 

.0196 

.0140 

4.00 

.0020 

.0000 

.35 

0.8 

27198 

May  22 

Decided. 

Cons. 

.30 

9.75 

2.00 

.0006 

.0358 

.0242 

.0116 

4.39 

.0010 

.0001 

.37 

0.8 

27521 

June  20 

Decided. 

Cons. 

.35 

10.15 

2.35 

.0025 

.0337 

.0256 

.0081 

3.92 

.0020 

.0001 

.45 

0.6 

27801 

July  17 

Decided. 

Cons. 

.34 

10.15 

1.70 

.0000 

.0314 

.0256 

.0058 

4.12 

.0030 

.0000 

.42 

1.0 

28299 

Aug.  22 

Decided. 

Slight. 

.30 

10.15 

2.30 

.0002 

.0282 

.0236 

.0046 

4.60 

.0050 

.0000 

.37 

1.1 

28665 

Sept.  18 

Decided. 

Cons. 

.24 

10.25 

2.00 

.0024 

.0372 

.0242 

.0130 

4.42 

.0010 

.0000 

.31 

1.0 

29101 

Oct.   23 

Decided. 

Slight. 

.33 

10.10 

1.85 

.0016 

.0344 

.0238 

.0106 

4.23 

.0040 

.0000 

.39 

0.8 

29369 

Nov.  13 

Decided. 

Cons. 

.29 

9.60 

1.85 

.0002 

.0312 

.0238 

.0074 

4.09 

.0010 

.0000 

.35 

O.b 

29689 

Dec.  18 

Slight. 

Slight. 

.33 

9.50 

1.45 

.0002 

.0264 

.0194 

.0060 

4.11 

.0010 

.0000 

.31 

0.8 

Averages  by 

Years. 

1894 

.22 

12.85 

1.91 

1.0001 

.0225 

.0163  .0062'  5.55 

.0010  .0000 

.25     1.3 

1895 

_ 

_ 

.25 

12.61 

2.31 

.0025 

.0302 

.0198  .0104'  5.42 

.0037  .0000 

.32     1.2 

1896 

_ 

_ 

.29 

11.67 

2.11 

.0008 

.0198 

.0149  .0049'|4.97 

.0039,.  0000 

.24 

1.0 

1897 

_ 

_ 

.30 

10.94 

2.10 

.0034 

.0251 

.0196 

.005514. 60 

.0058  .0000 

.31 

1.1 

_ 

1898 

, 

_ 

.44 

10.43 

2.17 

.0049 

.0336 

.0231 

.0105:14.34 

.0025 

.0001 

.38 

1.0 

- 

1899 

- 

- 

.35 

10.21 

2.06 

.0040 

.0308 

.0230 

.0078  4.24 

1 

.0043 

.0001 

.39 

0.8 

Note  to  analyses  of  1899 :  Odor,  generally  vegetable,  occasionally  unpleasant  or  grassy.    A  faintly 

fishy  odor  was  developed  in  the  March  and  April  samples  on  heating. The  samples  were  collected 

from  a  faucet  at  the  pumping  station. 

Microscopical  Examination  of  Water  from  Cape  Pond,  Eockport. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination 

Number  of  sample,    .... 

17 
25955 

18 

26239 

21 

26540 

25 

26899 

24 
27198 

22 
27521 

18 
27801 

22 
28299 

21 

28665 

24 
29101 

14 
29369 

19 
29689 

PLANTS. 
DiatomaceaB,       .... 

Asterionella,         .... 
Meloeira 

Cyanoptiycese,  Anabssna, 

Algee 

Protococcus 

Scenedesmus 

Staurastrum,         .... 
Zoospores 

346 

342 
3 

0 

58 

53 
0 
0 
0 

752 

752 
0 

0 

1 

0 
0 
0 
0 

768 

768 
0 

0 

60 

0 

0 
0 
60 

5,024 

5,000 
14 

0 

0 

0 
0 
0 
0 

7,060 

7,000 
50 

112 

12 

0 
0 
2 
0 

860 

828 
26 

0 

6,102 

6,000 

94 

fl 

0 

2,526 

16 

2,500 

0 

6 

0 
2 
0 
0 

1,536 

14 
1,520 

70 

8 

0 
2 
6 
0 

5,060 

36 
5,000 

4 

460 

0 

8 

448 

0 

5,484 

468 
5,000 

36 

221 

40 

152 

12 

0 

2,356 

632 
1,720 

78 

122 

62 
2 
2 
0 

1,618 

1,544 
74 

106 

52 

44 
0 
0 
0 
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ROCKPORT. 

Microscopical  Examination  of  Water  from  Gape  Pond,  Rockport  —  Concluded. 

[Number  of  organiums  per  cubic  centimeter.] 


Jan.   Feb.   Mar.   Apr.   May.  June.  July.  Aug.   Sept.  Oct.    Nov.   Dec, 


ANIMALS. 
Infusoria, 

Cryptomonas,       . 
Dlnobryon,  . 
Peridiniiim,  . 
Traclielomonas,  . 

Vermes,  . 

Crustacea,     . 

Bosmina, 
Cyclops,        .        . 
Daphnia, 

Miscellaneous,  ZoogJoea, 

Total,  . 


pr, 


15      40 


5 

1,817 


415 


763     858    5,178 


7,292    6,971 


2,715 


1,763  5,673 


5,896  2,593 


Russell. 
The  advice  of  the  State  Board  of  Health  to  William  B.  Shelley 
of  Russell,  with  reference  to  a  proposed  water  supply  for  that  town, 
may  be  found  on  pages  39  and  40  of  this  volume.  The  results  of 
the  analysis  of  a  sample  of  water  collected  from  the  proposed  source 
of  supply  is  given  in  the  following  table  :  — 


Chemical  Examination  of  Water  Jrom  Black  Brook,  in  Russell. 

[Parts  per  100,000.] 


Residue  on 

a 

Appearance. 

Evapora- 

Ammonia. Z 

Nitrogen 

1 

tion. 

3  . 

a 

ALBUMINOID. 

u 

a 

Q 
o 

cS 

3 

1 
■5 

o 

c 

■3 
0 

0 

"3 

•a 
> 
0 

-a 
,  a 

3  ft 

0 

s 

« 

'C 

0 
3 

M 

1 

H 

05 

U 

^ 

En 

Eh 

Q 

05 

0 

^ 

g 

0 

W 

1899. 

27578 

June  26 

v.  slight. 

V.  slight. 

.12 

3.20 

0.85 

.0010 

.0078 

.0064 

.0014 

.07 

.0070 

.0000 

.24 

0.6 

Odor,  none. The  sample  was  collected  from  the  brook,  at  site  of  proposed  reservoir,!  mile 

from  centre  of  village. 
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RTJTIiAND. 


Water  Supply  of  Rutland. 


Chemical  Examination  of  Water  from  Muschopauge  Lake,  Rutland,  collected  near 

the  Surface. 

[Parts  per  100,000.] 


Residue  on 

c 

Appeahakce. 

EVAPOBA- 

Ammonia. 

Nitrogen 

"O 

u 

TION. 

s 
c 

d 

ALBUMINOID. 

. 

a 

i^ 

c 

■a 

•6 

o 

03 

1 

s 

•a 
3 

3 

a 

•3 

o 

3 

i^ 

£ 

B 

> 
1 

■a 

3  o. 

c 

•s 

o 

'u 

ec 
>, 
M 

'A 

B 

05 

O 

&^ 

kJ 

b 

fn 

a 

CO 

U 

a 

'A 

o 

w 

1899. 

25937 

Jan.  12 

V.  Blight. 

Cons. 

.07 

2.20 

1.10 

.0028 

.0468 

.0232 

.0236 

.19 

.0020 

.0001 

.22 

0.6 

26595 

Mar.  25 

V.  Blight. 

V.  slight. 

.05 

2.25 

0.75 

.0082 

.0220 

.0190 

.0030 

.14 

.0050 

.0000 

.10 

0.5 

27413 

June  10 

V.  Blight. 

V.  slight. 

.01 

2.15 

0.75 

.0016 

.0120 

.0110 

.0010 

.15 

.0030 

.0000 

.16 

O.ft 

27809 

July  14 

V.  slight. 

Blight., 
floe. 

.02 

2.75 

1.00 

.0058 

.0136 

.0122 

.0014 

.18 

.0010 

.0000 

.19 

0.5 

28862 

Sept.  28 

None. 

V.  Blight. 

.00 

1.75 

0.75 

.0036 

.0126 

.0114 

.0012 

.14 

.0020 

.0000 

.16 

O.R 

29452 

Nov.  20 

Slight. 

Slight. 

.05 

2.05 

0.85 

.0048 

,0138 

.0126 

.0012 

.15 
.16 

.0010 
.0023 

.0000 

.14 
.16 

0.2 

Av... 

03 

2.19 

0.87 

.0045 

.0201 

.0149 

.0052 

.0000 

0  4 

Odor,  faintly  vegetable  or  none. 


Microscopical  Examination  of  Water  from  Muschopauge  Lake,  Butlatid,  collected 

near  the  Surface. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Day  of  examination, 
Number  of  sample,    . 

PLANTS. 

Diatomaceee, 

Asterionella, 
Cyclotella,    . 
Melosira, 
Synedra, 

OyanophycesB,  . 

Alg89,  Raphidium, . 

ANIMALS. 

Infusoria,     . 

Dinobryon, . 
Peridinium, 

Crustacea,   . 

Cyclops, 
Daphnia, 

Mtacellaneous,  Zoogloea,  . 

Total, 


14 
25937 


29 
26595 


13 

27413 


19 

27809 


4 
28862 


22 

29452 


614 
330 


236 

6 

210 

18 
2 


52 

7 

5 

52 

0 

42 

2 

4 

52 

0 

10 

1 

1 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

60 

7 

3 

3 

3 

726 

101 

74 

305 

24 
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Chemical  Examination  of  Water  from,  Muschopauge  Lake,  collected 

[Parts  per  100,000.] 


B,UTL,AND. 

near  the  Bottom. 


c 

o 

1 

o 

o 

■s 

Appearakce. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

Nitrogen 

AS 

1 

3 

1 

X 

o 

1 

c 

o 
o 
O 

o 

d 
o 

£ 

ALBUMINOID. 

S 
g 

a 

jo 
S 
a 

03 

> 

O 

5 

•d 
1  c 

3  P. 

CO 

c 

1899. 

25938 

Jan.   12 

V.  slight. 

V.  slight. 

.07 

2.15 

1.00 

.0020 

.0128 

.0124 

.0004 

.16 

.0020 

.0000 

.18 

O.ft 

26596 

Mar.  25 

V.  slight. 

V.  slight. 

.05 

2.00 

0.75 

.0010 

.0118 

.0096 

.0022 

.15 

.0030 

.0000 

.17 

0.5 

27414 

June  10 

V.  slight. 

V.  slight. 

.02 

1.65 

0.75 

.0020 

.0132 

.0110 

.0022 

.15 

.0040 

.0000 

.18 

0.5 

27810 

July  14 

V.  slight. 

V.  slight. 

.04 

1.60 

0.55 

.0016 

.0112 

.0096 

.0016 

.18 

.0010 

.0000 

.19 

0.5 

28863 

Sept.  28 

None. 

Slight. 

.00 

1.70 

0.70 

.0040 

.0128 

.0124 

.0004 

.14 

.0020 

.0000 

.15 

0.5 

29453 

Nov.  20 

Slight. 

Slight. 

.04 

2.10 

0.85 

.0074 

.0220 

.0194 

.0026 

.16 
.16 

.0010 

.0000 

.15 
.17 

0.2 

Av... 

.04 

1.87 

0.77 

.0030 

.0140 

.0124 

.0016 

.0022 

.0000 

0  5 

Odor,  generally  faintly  vegetable,  sometimes  faintly  unpleasant  or  disagreeable. 

Water  Supply  of  Salem  and  Beverly. 
The  advice  of  the  State  Board  of  Health  to  the  city  of  Salem, 
with  reference  to  the  quality  of  the  water  furnished  from  the  various 
sources  of  supply,  may  be  found  on  pages  40  to  42  of  this  volume. 

Chemical  Examination  of  Water  from  Wenham  Lake,  in  Beverly  and  Wenham. 

[Parts  per  100,000] 


1 

o 
O 

o 

« 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
0 
0 

Nitrogen 

AS 

•6 

B 

3 

5 

C3 

M 
Pi 
H 
0 

is 
5 
s 
H 

1 
'■3 

o 
o 

"3 
o 

c 

o 

& 

ALBUMINOID. 

2 

1 

3 

o 

•a 
> 

s 

■a 

Q) 

■a 

1  P 

3  0. 

03 

1899. 

25903 

Jan.   10 

V.  slight. 

V.  slight. 

.13 

5.50 

1.70 

.0012 

.0166 

.0138 

.0028 

.76 

.0130 

.0001 

.27 

2.2 

26179 

Feb.     7 

V.  slight. 

Slight. 

.12 

5.40 

2.00 

.0020 

.0142 

.0122 

.0020 

.69 

.0120 

.0001 

.26 

2.5 

26424 

Mar.    8 

V.  slight. 

V.  slight. 

.12 

5.40 

1.85 

.0038 

.0140 

.0130 

.0010 

.68 

.0090 

.0002 

.28 

2.1 

26739 

Apr.  11 

V.  slight. 

V.  slight. 

.16 

5.55 

1.95 

.0032 

.0132 

.0122.0010 

.72 

.0080 

.0002 

.31 

2.0 

27048 

May     9 

V.  slight. 

V.  slight. 

.18 

5.25 

1.65 

.0008 

.0146 

.0134'. 0012 

.70 

.0100 

.0001 

.31 

2.0 

27462 

June  16 

V.  slight. 

Slight. 

.12 

5.25 

1.60 

.0046 

.0232 

.0204'.  0028 

.68 

.0020 

.0002 

.28 

2.0 

27719 

July  11 

V.  slight. 

Slight. 

.08 

5.00 

1.05 

.0008 

.0222 

.0182 

.0040 

.67 

.0010 

.0001 

.27 

2.1 

28193 

Aug.  12 

V.  slight. 

Slight. 

.05 

5.15 

2.30 

.0036 

.0174 

.0152 

.0022 

.68 

.0050 

.0001 

.25 

1.8 

28573 

Sept.  12 

V.  slight. 

V.  slight. 

.10 

5.25 

1.45 

.0014 

.0234 

.0190 

.0044 

.79 

.0070 

.0000 

.26 

1.8 

28938 

Oct.    10 

V.  slight. 

V.  slight. 

.07 

5.35 

1.50 

.0032 

.0208 

.0160 

.0048 

.79 

.0010 

.0001 

.27 

2.2 

29283 

Nov.    7 

Slight. 

V.  slight. 

.23 

5.80 

1.50 

.0158 

.0216 

.0190 

.0026 

.80 

.0050 

.0008 

.28 

2.6 

29633 

Dec.  12 

Decided. 

Cons. 

.15 

5.55 

1.90 

.0114 

.0198 

.0136 

.0062 

.82 

.0100 

.0000 

.24 

2.3 
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SAX,EM  AND  BEVERLY. 

Chemical  Examinatio7i  of  Water  from  Wenham  Lake,  in  Beverly  and  Wenham 

—  Concluded. 

Averages  by  Years. 

[Parts  per  100,000.] 


c 
.2 

o 

o 

"S 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

6 

a 

o 
o 

.73 
.72 
.74 
.72 
.75 
.77 
.82 
.81 
.80 
.82 
.80 
.73 

NiTBOGEN 
AS 

-d 

a 

3 

s 
o 

o 

s 

o 

3 
Eh 

§ 
CO 

3 

"3 
o 

E- 

c 
o 

1 

£ 

ALBDMINOID. 

0) 

1 

5 

S 

1 

a 
fe5 

1 

■d 
> 

5 

,1 

3  O, 

o 
a 
•a 

W 

- 

1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 

- 

- 

.05 
.06 
.05 
.07 
.03 
.04 
.07 
.21 
.15 
.13 
.15 
.13 

4.67 
4.23 
4.57 
4.70 
4.85 
5.49 
6.69 
6.75 
6.30 
6.09 
5.61 
5.37 

0.97 
1.05 
0.90 
1.12 
1.10 
1.26 
1.53 
1.97 
1.82 
1.60 
1.73 
1.70 

.0020 
.0014 
.0016 
.0006 
.0016 
.0033 
.0030 
.0026 
.0020 
.0027 
.0025 
.0043 

.0146 
.0173 
.0154 
.0147 
.0137 
.0130 
.0148 
.0177 
.0213 
.0206 
.0181 
.0184 

.0138 
.0125 
.0113 
.0103 
.0100 
.0114 
.0146 
.0152 
.0170 
.0151 
.0155 

.0035 
.0029 
.0034 
.0034 
.0030 
.0034 
.0031 
.0061 
.0036 
.0030 
.0029 

.0058 
.0052 
.0104 
.0125 
.0077 
.0055 
.0023 
.0059 
.0053 
.0048 
.0040 
.0069 

.0001 
.0002 
.0001 
.0000 
.0000 
.0001 
.0001 
.0001 
.0001 
.0001 
.0001 
.0002 

.16 
.14 
.30 
.28 
.29 
.29 
.27 

2.5 
1.9 
2.2 
2.6 
3.0 
3.1 
2.7 
2.7 
2.3 
2.1 

Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable,  sometimes  none.  On  heating,  the  odor 
of  most  of  the  samples  was  stronger  and  sometimes  also  grassy  or  unpleasant. The  first  three  sam- 
ples were  collected  from  a  faucet  at  the  pumping  station;  the  others,  from  the  lake. 

Microscopical  Examination  of  Water  from  Wenham  Lake,  in  Beverly  and  Wenham, 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination,  .... 

11 

8 

9 

13 

10 

19 

12 

15 

13 

8 

8 

13 

Number  of  sample 

25903 

26179 

26424 

26739 

27048 

27462 

27719 

28193 

28573 

28938 

29283 

29633 

PLANTS. 

Diatomacese,       .... 

1,206 

250 

35 

73 

142 

204 

76 

452 

72 

252 

122 

748 

Asterionella 

Cyclotella 

Melosira, 

Synedra 

Tabellaria, 

618 

44 

316 

6 

222 

174 
7 

30 
6 

33 

2 

12 

13 

4 

0 

17 

4 
23 
11 

2 

62 
0 

18 
8 

32 

18 
148 

0 
32 

6 

0 
2 
0 

2 

72 

110 
4 
0 
52 

270 

28 
0 

12 
0 

22 

68 
10 
22 
14 
138 

2 
19 
86 

0 
15 

240 
122 
244 
2 
120 

Cyanophycese,    .... 

0 

0 

0 

0 

0 

36 

198 

64 

56 

186 

0 

0 

Anabsena 

Aphanlzomenon, 

Microcystis 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

28 
0 
3 

40 

0 

152 

12 
18 

26 

48 
0 
0 

174 

0 

10 

0 
0 
0 

0 
0 
0 

AlgSB, 

4 

0 

0 

2 

2 

16 

32 

62 

6 

40 

21 

30 

Protococcus,         .... 

0 

0 

0 

0 

0 

15 

32 

60 

0 

36 

10 

16 
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SALEM  AND  BEVERLY. 

Microscopical  Examination  of  Water  from  Wenham  Lake,  in  Beverly  and  Wenham 

—  Concluded. 

[Number  of  organiBma  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS. 

Infusoria, 

12 

2 

6 

9 

88 

6 

0 

8 

2 

48 

11 

4 

Dinobryon 

2 

0 

3 

6 

88 

0 

0 

4 

0 

30 

4 

0 

Vermes 

0 

0 

1 

0 

2 

1 

0 

0 

0 

0 

1 

0 

Crustacea,  Cyclops,    . 

0 

0 

0 

0 

pr. 

0 

pr. 

0 

0 

pr. 

0 

0 

Miscellaneous,  Zobglcea,    . 

0 

3 

3 

8 

5 

7 

3 

12 

3 

7 

3 

3 

Total 

1,222 

255 

45 

92 

239 

270 

309 

598 

139 

533 

158 

785 

Chemical  Examination  of  Water  from  Longham  Brook  Reservoir,  in  Beverly  and 

Wenham. 

[Parts  per  100,000.] 


s 
o 

o 

Appbabancb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

■d 

1 

3 

s 

0 

>. 

o 

albuminoid. 

•6 

■d 

m 

a 

3 

o 

•a 
3 

a 

o 

d 

OTt-H 

6 

■3 

> 
0 

■a 

3  0. 

3 
1 

"S 

.M 

bo 

■2 

!zi 

Q 

H 

00 

O 

&H 

1-5 

Pk 

H 

Q 

00 

0 

iS 

2 

0 

W 

1899. 

25902 

Jan.   10 

Slight. 

Slight. 

0.42 

4.30 

1.55 

.0044 

.0152 

.0140 

.0012 

0.69 

.0120 

.0002 

0.48 

1.0 

26178 

Feb.     7 

Slight. 

Slight. 

0.45 

5.00 

2.10 

.0040 

.0156 

.0136 

.0020 

0.75 

.0170 

.0002 

O.bO 

1.3 

26423 

Mar.    8 

Decided. 

Slight. 

0.38 

3.55 

1.70 

.0080 

.0180 

.0148 

.0032 

0.53 

.0050 

.0002 

0.44 

0.5 

26738 

Apr.  11 

Slight. 

Cons. 

0.42 

3.45 

1.70 

.00.34 

.0194 

.0168 

.0026 

0.521. 0040 

.0001 

U.46 

0.3 

27047 

May     9 

Slight. 

Cons. 

0.74 

5.35 

2.20 

.0038 

.0336 

.0297 

.0039 

0.68i  .0060 

.0000 

0.82 

1.3 

27461 

June  16 

Slight. 

Cons. 

1.25 

6.45 

3.00 

.0214 

.07.38 

.0522 

.0216 

0.84|j.0020 

.0001 

1.10 

1.3 

27718 

July  11 

Slight. 

Cons. 

1.00 

5.85 

2.05 

.0044 

.0504 

.0390 

.0114 

0.71j  .0060 

.0001 

0.88 

1.0 

28192 

Aug.  12 

Slight. 

Cons. 

0.96 

6.10 

3.15 

.0086 

.0472 

.0404 

.0068 

0.79|  1.0030 

.0000 

0.86 

1.3 

28572 

Sept.  12 

Decided. 

Slight. 

0.98 

6.15 

2.65 

.0056 

.0540 

.0440 

.0100 

0.84'. 0070 

.0000 

0.79 

1.0 

28937 

Oct.   10 

Decided. 

Cons. 

O.-M 

6.15 

1.90 

.0052 

.0368 

.0314 

.0054 

0.90, 

.0080 

.  0002 

0.52 

1.8 

29282 

Nov.    7 

Decided. 

Slight. 

1.00 

7.15 

2.30 

.0096 

.0.388 

.0334 

.0054 

0.92 

.0060 

.0004 

0.88 

1.6 

29494 

Nov.  24 

V.  slight. 

V.  slight. 

1.10 

6.65 

3.15 

.0026 

.0.300 

.0284 

.0016 

0.82 

.0040 

.0001 

1.20 

1.6 

29632 

Dec.  12 

Decided. 

Cons. 

0.71 

6.35 

1.85 

.0318 

.0404 

.0228 

.0176 

0.83 

.0110 

.0001 

0.63 

1.8 

29739 

Dec.  21 

Decided. 

Cons. 

0.95 

6.85 

2.30 

.0160 

.0312 

.0252 

.0060 

0.82 

.0080 

.0000 

0.90 

1.6 

29814 

Dec.  30 

Decided. 

Cons, 

1.20 

8.25 

2.90 

.0133 

.0332 
.0361 

.0248 

.0084 

1.09 
0.75 

.0180 
.0073 

.0001 

1.02 
0.73 

2.1 

Av.*. 

0.76 

5.53 

2.26 

.0079 

.0293 

.0068 

.0001 

^.•?. 

Odor,  generally  vegetable,  sometimes  none.    On  heating,  the  odor  of  most  of  the  samples  was  dis- 
tinctly  vegetable. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
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SALEM  AND  BEVEBLY. 

Microscopical  Examination  of  Water  from  Longham  Brook  Reservoir,  in  Beverly 

and  Wenham. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Day  of  examination, 

11 

8 

9 

13 

10 

19 

12 

15 

Number  of  sample 

25902 

26178 

26423 

26738 

27047 

27461 

27718 

28192 

PLANTS. 

DiatomacesB,     .... 

12 

44 

18 

222 

60 

9 

218 

60 

Syuedra 

Tabellaria, 

4 
6 

18 
9 

7 
7 

18 
180 

22 
29 

9 
0 

216 
0 

60 
0 

CyanophycesB,  Oscillaria, 

0 

0 

0 

0 

0 

0 

0 

0 

Algse 

0 

0 

0 

4 

4 

2 

4 

7 

Fungi,  Crenothrix, 

0 

0 

0 

0 

5 

0 

0 

4 

ANIMALS. 

Rhizopoda,  Actinophrys,  . 

0 

0 

0 

0 

0 

2 

0 

2 

Infusoria, 

0 

0 

4 

22 

13 

27 

16 

12 

Dinobryon 

Mallontonas 

Monas, 

Peridinium,        .... 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

4 

0 
0 

10 
10 

1 

0 
4 
4 

0 
0 
0 
20 

0 

0 

0 

12 

8 
0 
0 
0 

Vermes 

0 

0 

0 

0 

0 

71 

0 

2 

Anurea 

0 

0 

0 

0 

0 

68 

0 

2 

Crustacea, 

0 

0 

pr. 

0 

0 

pr. 

0 

pr. 

Cyclops 

Daphnia, 

Entomostracan  ova,  . 

0 
0 
0 

0 
0 
0 

0 
0 
pr. 

0 
0 
0 

0 
0 
0 

0 

^'6 

0 
0 
0 

pr. 
0 
0 

Miscellaneous,  Zobglcea, . 

3 

8 

20 

100 

7 

300 

100 

60 

Total 

15 

52 

42 

348 

89 

411 

338 

147 
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SALEM  AND  BEVERLY. 

Microscopical  Examination  of  Water  from  Longham  Brook  Reservoir,  in  Beverly 
and  Weyiham  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


Sept. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
DiatomacesB,   . 

Synedra,  .... 
Tabellaria, 

Cyanophycese,  Oscillaria, 

Algse 

Fungi,  Crenothrix, 

ANIMALS. 
Bhizopoda,  Actinophrys, 

Infusoria,  .... 

Dinobryon, 
Mallomonas,     ... 
Monas,       .... 
Peridinium, 

Vermes 

Anurea,     .... 

Crustacea, 

Cyclops,  .... 
Daphnia,  .... 
Entomostracan  ova, 

Miscellaneous,  Zoogloea, 

Total,      .... 


13 

28572 


11 

28937 


29282 


27 
29494 


13 
29632 


22 
29739 


1 

29814 


42 


472 

462 


pr. 
0 
0 


100 
131 


107 


160 


34 
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SATJGUS. 

Water  Supply  of  Saugus. 
(See  Lynn.) 

"Water  Supply  of  Sharon. 
Chemical  Examination  of  Water  from  the  Well  oj  the  Sharon  Water  Works. 

[Parts  per  100,000.] 


c 
.2 

"o 
.go 

» 

03 

Q 

Appearance. 

.2 

1 

Ammonia. 

o3 
o 

Nitrogen 

A8 

■d 

i 

a 
_  o 

1" 

o 

i 

Q 

■a 

OS 

B3 

1 

■5 
3 

Eh 

c 
o 

a 

c 

o 
o 
O 

2 
"S 

c 

< 

I 

2 

2 

1899. 

27226 

May  25 

None. 

V.  Blight. 

.00 

8.60 

.0000 

.0006 

1.08 

.2520 

.0000 

.02 

2.9 

.0030 

27602 

June  27 

None. 

None. 

.00 

8.60 

.0000 

.0008 

1.02 

.2450 

.0000 

.01 

2.7 

.0020 

27889 

July  25 

None. 

None. 

.00 

9.40 

.0000 

.0006 

1.02 

.2400 

.0001 

.00 

2.9 

.0010 

28791 

Sept.  27 

None. 

None. 

.00 

8.50 

.0000 

.0010 

1.13 

.1880 

.0000 

.03 

3.1 

.0020 

28898 

Oct.     5 

None. 

None. 

.03 

9.50 

.0000 

.0002 

1.11 

.2500 

.0000 

.02 

3.3 

.0020 

Av... 

.01 

8.92 

.0000 

.0006 

1.07 

.2350 

.0000 

.02 

3.0 

.0020 

Odor,  none. Nos.  27226  and  28791  were  collected  from  the  well;  the  others,  from  a  faucet  at  the 

pumping  station. 


Water   Supply   of   Sheffield.  —  Sheffield   Water  Company. 

Chemical  Examination  of  Water  from  a  Faucet  in  Sheffield,  supplied  from  the 
Works  of  the  Sheffield  Water  Company. 

[Parts  per  100,000.] 


o 

a 
o 

Q 

Appearance. 

Ebsidue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

1 

3 

§ 

o 

3 
bo 

o 

■      B 

1 

CO 

o 
o 

"3 

o 

c 

o 

!l 

3 

albdminoid. 

1 

a 

3 

"3 
o 

■a 
o 

(3 

■a 
•o 

3  p. 
02 

1 

"m 
g 

OS 

1S99. 

28391 

Aug.  28 

None. 

None. 

.00 

3.10 

0.55 

.0000 

.0012 

.0012 

.0000 

.09 

.0050 

.0000 

.05 

2.0 

Odor,  none. 


Water  Supply  of  Somerville. 
(See  Metropolitan  Water  District,  pages  127-152.) 
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Water  Supply  of  Southbridge. 

Company. 


sotjthbridoe. 

Southbridge  Water 


Chemical  Examination  of  Water  from  the  Hatchet  Brook  Reservoir  of  the  South- 
bridge  Water  Works, 

[Parts  per  100,000.] 


§ 
1 

6 
>^ 

o 

■S 

a 
Q 

Appearahce. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

B 

Nitrogen 
as 

•a 
1 

1 

c 

o 

■3 

1 

a 

1 

■3 

OQ 

o 

5 

H 

p 

o 

o 

Ui 

albuminoid. 

2 

1 

2 

1 

s 

3 

> 
o 

5 

•6 
•a 

1    B 

"2 

OS 

B 

26406 
27417 
28574 
29640 

1899. 

Mar.    7 

June  13 
Sept.  12 
Dec.  12 

V.  slight. 
Slight. 
Decided. 
Decided. 

V.  slight. 
Slight. 
Cons. 
Cons. 

.19 
.20 
.29 
.63 

2.35 
2.30 
3.45 
4.10 

1.10 
1.35 
2.10 
1.50 

.0010 
.0004 
.0016 
.0068 

.0166 
.0184 
.0376 
.0290 

.0154 
.0146 
.0240 
.0220 

.0012 
.0038 
.0136 
.0070 

.13 
.14 
.11 

.20 
.14 

.0010 
.0030 
.0070 
.0020 

.0001 
.0000 
.0000 
.0000 

.34 
.45 
.71 
.60 
.52 

0.2 
0.3 
0.8 
0.8 

Av.. . 

RS 

3.05 

1.51 

.0024 

.0254 

.0190 

.0064 

.0032 

.0000 

n.ft 

Odor  of  the  first  sample,  none,  hecoming  very  faintly  vegetable  on  heating;  of  the  second,  faintly 
vegetable  and  unpleasant,  becoming  distinctly  unpleasant  and  fishy  on  heating;  of  the  third,  faintly 
vegetable,  becoming  stronger  on  heating;  of  the  last,  none,  becoming  faintly  fishy  on  heating. 


Water  Supply  of  South  Hadley  Falls  Fire  District,  South 

Hadley. 

Chemical  Examination  of  Water  from  Leaping  Well  Reservoir,  South  Hadley. 

[Parts  per  100,000.] 


o 

Appeakancb. 

RsaiDDE  ON 

Evapora- 
tion. 

Ammonia. 

B 
0 

Nitrogen 

AS 

a 

s 
s 

5 

B 

u 

1. 

■3 
a 

c 

a 

!3 
CO 

o 
o 

3 

c 

§1 

o 

u 

ALBCMINOID. 

^ 

i 

1 

s 

o 

■a 
> 
o 

S 

■6 

1  c 
30. 

CO 

i 

s 

26114 
27376 

27862 
28902 
29492 

1899. 

Feb.     1 

June  10 
July  21 
Oct.     4 
Nov.  23 

V.  slight. 
Slight. 
V.  slight. 
Decided. 
V.  slight. 

Slight. 
V.  slight. 
V.  slight. 
Slight. 
V.  slight. 

.07 
.05 
.05 
.09 
.08 

2.75 
2.25 
2.45 
2.50 
2.05 

1.10 
0.70 
0.75 
1.25 
0.70 

.0002 
.0000 
.0042 
.0012 
.0000 

.0060 
.0074 
.0124 
.0236 
.0118 

.0044 
.0062 
.0114 
.0166 
.0094 

.0016 
.0012 
.0010 
.0070 
.0024 

.11 

.13 
.14 
.12 
.10 
.12 

.0010 
.0020 
.0040 
.0000 
.0010 

.0000 
.0000 

.0000 

.0000 
.0000 
.0000 

.10 
.10 
.12 

.17 
.12 
.12 

0.6 
0.2 
0.3 
0.3 
0.3 

Av... 

07 

2.40 

0.90 

.0011 

.0122 

.0096 

.0026 

.0016 

0.3 

Odor,  faintly  vegetable  or  none;  in  October,  distinctly  grassy. 
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SOUTH  HADLEY. 

Microscopical  Examination  of  Water  from  Leaping  Well  Reservoir,  South  Eadley. 

[Number  of  organisms  per  cubic  centimeter.] 


July. 


Oct. 


Day  of  examination,   . 
Number  of  sample,     . 

PLANTS. 
Diatomaceee, 

ABtcrionella, 

Cyanophycess,    . 
Anabsena,      .       .       . 

Alg8B 

Protococcus, 

ANIMALS 
Infusoria,       .       .       . 

Vermes 

Miscellaneoiis,  Zoogloea,    . 

Total 


3 
26114 


13 

27376 


24 

27862 


28902 


27 
29492 


2 

0 

3 

2 

237 

236 


6 

0 

300 
300 

1,321 
1,300 


245 


22 


"Water  Supply  of  Spencer. 

Chemical  Examination  of  Water  from  Shaio  Pond,  Spencer. 

[Parts  per  100,000.] 


c 
o 

o 

o 
O 

o 
Q 

APPBA.KANCE. 

Residue  on 
Evapora- 
tion. 

Amuonia. 

c 
'u 
o 

NiTBOGEN 

AS 

i 

3 
m 

c 
o 
o 

s 
o 

1^ 

a 
El 

c 
1 
m 

1 

1 
§1 

ALBUMINOID. 

1 

1 

1 

1 

•6 

> 
o 

5 

■6 

■a 
,  a 

c 

1899. 

^6306 

Feb.  22 

V.  slight. 

None. 

.08 

2.50 

1.10 

.0034 

.0102 

.0098 

.0004 

.16 

.0010 

.0001 

.19 

0.8 

27178 

May  21 

Slight. 

Cons. 

.10 

2.10 

0.60 

.0000 

.0188 

.0164 

.0024 

.16 

.0020 

.0000 

.19 

0.2 

28289 

Aug.  21 

V.  slight. 

V.  slight. 

.05 

2.25 

0.55 

.0002 

.0222 

.0196 

.0026 

.16 

.0060 

.0000 

.21 

0.6 

29469 

Nov.  23 

Slight. 

V.  slight. 

.04 

2.50 

1.00 

.0120 

.0220 

.0200 

.0020 

.17 
.16 

.0110 

.0000 

.15 

.18 

0.5 

Av... 

.07 

2.34 

0.81 

.0039 

.0183 

.0164 

.0019 

.0050 

.0000 

0.5 

Odor,  vegetable  or  none. No.  27178  was  collected  from  the  pond;  the  others,  from  a  faucet. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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springfield. 

Water  Supply  of  Springfield. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Springfield, 
with  reference  to  the  quality  of  certain  sources  from  which  it  was  pro- 
posed to  obtain  a  supplementary  water  supply  while  the  water  of 
Ludlow  Reservoir  was  drawn  off,  may  be  found  on  pages  42  and  43 
of  this  volume. 

During  the  spring  of  1899  the  water  was  drawn  out  of  Ludlow 
Reservoir  in  order  to  make  investigations  with  regard  to  the  condi- 
tion of  the  bottom  of  the  reservoir,  and  during  the  latter  part  of  the 
year  a  supplementary  supply  of  water  was  obtained  from  Chapin 
and  Five  Mile  ponds  by  pumping  from  the  ponds  into  one  of  the 
mains  leading  from  Ludlow  basin  to  the  city. 

Chemical  Examination  of  Water  from  Ltidlow  Reservoir. 

[Parte  per  100,000.] 




Residde  on 

"""^ 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

■a 

.2 

tion. 

AS 

d 

1 

5 

s 

i 

^ 

c 

c 
o 

ALBUMINOID. 

ri 

-d 

o 

2 
3 

a 

o 

3 

Is 

% 

a 

> 

1  c 

o 

1 

r 

d 

% 

i~t 

tzi 

Q 

H 

tc 

O 

E-i 

IJ 

|i( 

H 

a 

03 

O 

z 

Izi 

o 

w 

1S99. 

25899 

Jan. 

9 

V.  slight. 

V.  Blight. 

.25 

3.10 

1.25 

.0156 

.0252 

.0214 

.0038 

.12 

.0060 

.0001 

..% 

O.fi 

26164 

Feb. 

6 

Slight. 

Cons. 

.20 

3.40 

1.30 

.0034 

.0420 

.0228 

.0192 

.19 

.0080 

.0003 

.,S9 

1.0 

26429 

Mar. 

8 

Slight. 

Cods. 

.15 

2.20 

1.10 

.0010 

.0282 

.0126 

.0156 

.11 

.0020 

.0001 

.m 

o.,-; 

26699 

Apr. 

10 

Slight. 

Cons. 

.16 

2.00 

1.00 

.0030 

.0204 

.0106 

.0098 

.11 

.0040 

.0001 

.30 

O..") 

27069 

May 

10 

Decided. 

Cons. 

.24 

2.25 

1.00 

.0002 

.0318 

.0186 

.0132 

.13 

.0010 

.0000 

.33 

0.2 

27412 

June 

12 

Slight. 

Cons. 

.48 

3.50 

1.50 

.0012 

.0546 

.0286 

.0260 

.14 

.0030 

.0000 

.51 

0.3 

27707 

July 

10 

Decided. 

Heavy. 

,40 

2.90 

1.40 

.0005 

.0840 

.0345 

.0495 

.09 

.0020 

.0000 

.64 

0.3 

Averages  by  Tears. 


1888 

_ 

.13 

2.91 

1.20 

.0019 

.0332 

.12 

.0047 

.0001 

1889 

- 

- 

.12 

2.42 

1.08 

.0028 

.0461 

.0237 

.0224 

.10 

.0033 

.0002 

_ 

1890 

- 

- 

.15 

2.96 

1.54 

.0029 

.0387 

.0210 

.0177 

.10 

.0065 

.0001 

_ 

1891 

- 

_ 

.20 

3.00 

1.42 

.0050 

.0425 

.0228 

.0197 

.09 

.0050 

.0001 

_ 

1894 

- 

- 

.37 

3.39 

1.47 

.0009 

.0221 

.0165 

.0056 

.16 

.0018 

.0000 

.42 

1895 

- 

- 

.29 

3.35 

1.55 

.0028 

.0315 

.0201 

.0114 

.18 

.0030 

.0000 

.41 

1896 

- 

- 

.26 

3.25 

1.41 

.0042 

.0404 

.0220 

.0184 

.15 

.0031 

.0000 

..37 

1897 

- 

- 

.33 

3.28 

1.67 

.0039 

.0453 

.0267 

.0186 

.15 

.0028 

.0000 

.43 

1898 

- 

- 

.29 

2.90 

1.44 

.0020 

.0373 

.0218 

.01.55 

.15 

.0016 

.0000 

.38 

1899 

- 

~ 

.27 

2.76 

1.22 

.0036 

.0409 

.0213 

.0196 

.13 

.0037 

.0001 

.40 

0.9 
0.8 
1.1 
1.1 

1.0 
0.8 
0.7 
0.5 


Note  to  analyses  of  1899  :  Odor  of  the  last  sample,  offensive;  of  the  others,  generally  faintly  vege- 
table, sometimes  unpleasant  or  disagreeable,  becoming  stronger,  and  in  March  decidedly  fishy,  on 
heating. 
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SPRrisrGFrEL.D. 

Microscopical  Examination  of  Water  from  Ludlow  Reservoir. 

[Number  of  organisms  per  cubic  centimeter.] 


Mar.        Apr 


May. 


Day  of  examination, 
Number  of  sample, 

PLANTS. 
Diatomacese,   . 

Asterionella,    . 
Cyclotella, 
Melosira,  . 
Synedra,    . 
Tabellaria, 

Cyanoptiycese, 

Anabaena, 
Clathrocyatis,   . 
Microcystis, 

Algee 

Pediastrum, 
Scenedesmus,  . 
Staurastrum,    . 

ANIMALS. 
Infusoria,  . 

Chlamydomonas, 
Ciliated  infusorian, . 
Cryptomonas,  . 
Dinobryon, 
MallomonaB,     . 
Monas, 
Peridinium, 
Uroglena, 
Vorticella, 

Vermes, 

Polyarthra, 
Syuchseta, 

Crustacea, 

Bosmina,  . 
Cyclops,  . 
Daphnia,  . 

Miscellaneous,  Zobgloea, 

Total,      .       .       . 


10 

25899 


7 
26164 


9 
26429 


11 
26699 


11 

27069 


13 
27412 


24 


1,677 

560 
76 
800 
116 
116 


992 

160 
8 

804 
8 

8 

136 

56 
60 

20 

388 

52 

248 

72 


5,844 

0 

100 
0 
B,680 
50 
0 
10 
2 
0 


46 


6,401 

0 
0 
0 
6,400 
0 
0 
0 
0 
0 


1,385 

0 
0 

60 

1,284 

0 

20 
0 
8 

12 


pr. 
pr. 


160 


44 


pr. 
pr. 


200 


75 


6,894 


1,813 
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Chemical  Exami7ialion  of  Water  from  the  Beceiving  Basin 

Water  Works,  at  Ludlow. 

[Parts  per  100,000.] 


SPBINGFIELD. 

of  the  Springfield 


5 

Q 
o 

O 

Appearance. 

Kesiddb  on 

KVAPORA- 
TION. 

Ammonia. 

•q 

la 

Nitrogen 

AS 

i 

3 

3 
o 
a 

o 

■■s 

c 
1 

i 

o 

■3 

S 
S 

u 

ALBDMINOID. 

S 

1 

1 

a 

o 
H 

•a 

% 
o 

5 

o 

■a 

1  s 

3  P. 

CO 

% 

a' 

1899. 

25898 

Jan.  9 

V.  slight. 

V.  Blight. 

.27 

3.10 

1.10 

.0004 

.0092 

.0082 

.0010 

.11 

.0070 

.0000 

.35 

0.8 

26163 

Feb.  6 

V.  slight. 

V.  slight. 

.15 

3.40 

1.10 

.0006 

.0082 

.0074 

.0008 

.15 

.0050 

.0002 

.23 

1.1 

26428 

Mar.  8 

Slight. 

Slight. 

.22 

2.55 

1.15 

.0002 

.0132 

.0116 

.0016 

.09 

.0060 

.0000 

.38 

0.5 

26698 

Apr.  10 

V.  slight. 

V.  slight. 

.26 

2.05 

0.90 

.0000 

.0152 

.0134 

.0018 

.09 

.0010 

.0001 

.38 

0.5 

27068 

May  10 

Slight. 

Slight. 

.41 

3.00 

1.25 

.0010 

.0190 

.0162 

.0028 

.13 

.0020 

.0000 

.52 

0.6 

27411 

June  12 

Slight 

Slight. 

.41 

3.00 

1.15 

.0024 

.0266 

.0200 

.0066 

.15 

.0050 

.0001 

.46 

0.6 

27706 

July  10 

Slight. 

V.  slight. 

.53 

3.65 

1.60 

.0032 

.0266 

.0232 

.0034 

.11 

.0020 

.0001 

.78 

1.0 

28079 

Aug.  7 

V.  slight. 

Slight. 

.52 

3.85 

1.75 

.0024 

.0194 

.0180 

.0014 

.13 

.0030 

.0000 

.65 

1.0 

28582 

Sept.  12 

Slight. 

Slight 

.51 

4.15 

1.75 

.0006 

.0244 

.0212 

.0032 

.12 

.0050 

.0000 

.62 

0.8 

29009 

Oct.  12 

Slight. 

V.  slight. 

.28 

4.05 

1.25 

.0030 

.0160 

.0152 

.0008 

.16 

.0070 

.0000 

.39 

1.0 

29250 

Nov.  6 

Slight. 

Slight. 

.62 

4.40 

1.85 

.0006 

.0216 

.0194 

.0022 

.20 

.0050 

.0000 

.76 

0.8 

29606 

Dec.  11 

Slight. 

V.  slight. 

.36 

4.00 

1.50 

.0022 

.0134 

.0126 

.0008 

.14 

.0050 

.0000 

.40 

1.1 

Averages  by  Years, 


1891 

- 

- 

.31 

3.27 

1.20 

.0011 

.0225 

.0147 

.0078 

.09 

.0049 

.0001 

- 

1892 

- 

- 

.44 

3.79 

1.39 

.0004 

.0164 

.0127 

.0037 

.14 

.0089 

.0001 

- 

1893 

- 

- 

.49 

3.76 

1.39 

.0009 

.0204 

.0146 

.0058 

.15 

.0026 

.0001 

.51 

1894 

- 

- 

.49 

3.68 

1.42 

.0010 

.0196 

.0151 

.0045 

.16 

.0027 

.0000 

.46 

1895 

-   - 

- 

.47 

3.86 

1.61 

.0019 

.0212 

.0162 

.0050 

.18 

.0050 

.0000 

.50 

1896 

- 

- 

.43 

3.71 

1.37 

.0012 

.0182 

.0150 

.0032 

.15 

.0051 

.0000 

.50 

1897 

- 

- 

.51 

3.49 

1.40 

.0013 

.0185 

.0154 

.0031 

.16 

.0051 

.0000 

.51 

1898 

- 

- 

.45 

3.54 

1.54 

.0011 

.0162 

.0131 

.0031 

.15 

.0048 

.0000 

.45 

1899 

- 

.38 

3.43 

1.36 

.0014 

.0177 

.0155 

.0022 

.13 

.0044 

.0000 

.49 

1.0 
1.3 
1.2 
1.6 
1.3 
1.1 
1.0 
0.9 
0.8 


Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  occasionally  none.    On  heating,  the 
odor  of  most  of  the  samples  became  distinctly  vegetable. 
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SPRINGFIELD. 

Chemical  Examination  of  Waterfront  Chapin  Pond,  Ludlow. 

[Parts  per  100,000.] 


Kksiduk  on 

— 7- 



s 

Appearance. 

Evapora- 

Ammonia. 

XlTROGEN 

1 

tion. 

s 
a 

c 

ALBUMINOID. 

5 

>. 

c 

^ 

'6 

» 

6 

m 

X3 

a 

o 

3 

.a 

o 

■3 

c  5, 

'i 

> 

0 

g 

'iH 

an 

a 
•a 

J3 

X 

5 

^i 

Q 

r* 

Ul 

O 

H 

(4 

E- 

Q 

CO 

u 

z 

'A 

0 

n 

1899. 

25895 

Jan.     9 

V.  slight. 

Slight. 

.06 

2.30 

1.00 

.0040 

.0186 

.0168 

.0018 

.08 

.0010 '.0000 

.22 

0.5 

26160 

Feb.     6 

Slight. 

V.  Blight. 

.07 

2.45 

0.90 

.0024 

.0198 

.0168 

.0030 

.11 

.0040  .0000 

.26 

0.6 

26425 

Mar.     8 

V.  slight 

V.  slight. 

.01 

1.00 

0.60 

.0068 

.0054 

.0048 

.0006 

.04 

.0050  .0000 

.07 

0.0 

26695 

Apr.  10 

V.  slight. 

Slight. 

.06 

2.15 

0.85 

.0054 

.0208 

.0154 

.0054 

.09 

.0040  .0000 

.22 

0.3 

27065 

May   10 

V.  slight. 

Slight. 

.09 

2.15 

1.00 

.0002 

.0206  .0172 

.0034 

.09 

.0040  .0000 

.25 

0.5 

27408 

June  12 

V.  slight. 

Slight. 

.08 

1.85 

1.00 

.0000 

.02401.0196 

.0044 

.12 

.0020  .0000 

.27 

O.R 

27703 

July  10 

Blight. 

Slight. 

.05 

2.85 

1.00 

.0012  .0214!. 0180 

.0034 

.14 

.OOlU  .0000 

.32 

0.5 

28076 

Aug.    7 

V.  slight- 

V.  slight. 

.05 

2.45 

0.85 

.0000!. 0158  .0148 

.OOlOj 

.10 

.0000  .0000 

..^5 

0..5 

28579 

Sept.  12 

V.  Blight. 

V.  slight. 

.07 

2.60 

0.85 

.0012;. 0200!. 0168 

.0032 

.13 

.0070  .OCOOi 

.19 

O..^ 

29007 

Oct.   12 

v.  slight. 

V.  slight. 

.04 

2.60 

1.00 

.0004  .0186,. 0156 

.00301 

.09 

.0010  .ooooi 

.21 

0.5 

29248 

Nov.    6 

Slight. 

Slight. 

.08 

2.50 

0.90 

.0004 

.01841.0136 

.0048 

.08 

.0020:.0000l 

.17 

0.3 

29603 

Dec.  11 

V.  slight. 

Cons. 

.04 

3.00 

1.30 

.0022 

.0232,.  0166 
1 

.0066 

.12 

.00201.0000! 

1       ! 

.22 

0.6 

Averages  by  Years. 


1897 
1898 
1899 


.12 

2.38 

0.96 

.0019 

.0197 

.0167 

.0030' 

.13 

.0027 

.0000 

.28 

.10 

2.29 

1.08 

.0027 

.0212 

.0180 

.00321 

.12 

.0023 

.0000 

.27 

.06 

2.32 

0.94 

.0020 

.0189 

.0155 

.0034! 

1 

.10 

.0027 

.0000 

.23 

0.6 
0.6 
0.4 


Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable  or  none;  in  June,  distinctly  fishy  and 
oily.  On  heating,  the  odor  in  January,  February,  April,  June  and  December  was  fishy;  at  other  times, 
vegetable. 


Chemical  Examination  of  Water  from  Five  Mile  Pond,  Springfield. 

[Parts  per  100,000.] 


Appeabance. 

Eesidub  on 

Evapora- 

Ammonia. 

Nitkogen 

•c 

tion. 

b 
a 

c 

A 

albuminoid. 

0 

>. 

S 

•a 

■6 

» 

. 

0 

flD 

1 

0 

•a 
1 

a 

^ 

■3 

»^ 

6 

B 

> 
"3 

■a 
1  c 

0 

2 

t-l 

1 
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•a 

Q 

H 

tn 

0 

H 

^ 

b 

El 

a 

as 

U 

z 

'A 

c 

a 

1899. 

25896 

Jan.     9 

V.  slight. 

Slight. 

.10 

2.25 

1.00 

.0046 

.0236 

.0230 

.0006 

.12 

.0010 

.0000 

.28 

0.5 

26161 

Feb.     6 

V.  slight. 

V.  slight. 

.10 

2.15 

1.05 

.0052 

.0208 

.0196 

.0012 

.11 

.0010 

.0003 

.29 

0.6 

26426 

Mar.    8 

V.  slight. 

Slight. 

.09 

1.75 

0.90 

.0054 

.0192 

.0158 

.0034 

.09 

.0020 

.oooil 

.26 

0.0 

266i)6 

Apr.  10 

V.  Blight. 

V.  slight. 

.10 

1.55 

0.75 

.0020 

.0178 

.0156 

.0022 

.09 

.0040 

.0001 

.24 

0.3 

27066 

May   10 

V.  slight. 

Slight. 

.13 

2.20 

1.00 

.0000 

.0244 

.0192 

.0052 

.14 

.0020 

.0000 

.32 

0.2 

27409 

June  12 

V.  slight. 

V.  slight 

.10 

2.00 

1.25 

.0000;.  0248 

.0228 

.0020, 

.14 

.0020 

.0000! 

.35 

0.2 

27704 

July  10 

V.  slight. 

Slight. 

.10 

2.00 

1.05 

.0006  .0268 

.0210 

.00581 

.09 

.0010 

.0000 

.30 

0.3 

28077 

Aug.    7 

V.  slight. 

V.  slight. 

.08 

2.40 

1.25 

.0002'. 0218 

.0186 

.0032 

.12 

.0040 

.0000 

.33 

0.5 

28078 

Aug.    7 

Slight. 

V.  slight. 

.20 

2.10 

0.90 

.0072  .0176.0152 

.0024 

.12 

.0050 

.0000 

.24 

0.5 

28680 

Sept.  12 

V.  slight. 

Slight. 

.10 

2.55 

1.25 

.0030  .0260'. 0246 

.0014! 

.15 

.0060 

.ooool 

.30 

0.3 

29008 

Oct.   12 

Slight. 

V.  slight 

.19 

2.35 

1.00 

.0120 

.0208  .0186 

.0022; 

.12 

.0010 

.0000 

.23 

0.3 

29247 

Nov.    6 

Slight. 

Cons. 

.09 

2.65 

1.05 

.0262 

.0214  .0176 

.00381 

.12 

.0060 

.0000 

.22 

0.2 

29604 

Dec.  11 

V.  Blight. 

Blight. 

.12 

2.85 

1.15 

.0426 

.0216  .0172 

.0044J 

.14 

.0060 

.0000 

.21 

0.5 
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SPRINGFIELD. 

Chemical  Examination  of  Water  from  Five  Mile  Pond,  Springfield  —  Concluded. 

Averages  by  Years. 

[Parts  per  100,000.] 


Residue  on 

c 
o 

i 

o 

V 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

§ 

p 

3 
o 

c 

1 

1? 

■3 
3 

i" 

5 

o 

i 

c 
o 

il 

<u 

albuminoid. 

1 

1 

a 

rt 

•a 

3  a 

1 
a 
•a 

'A 

O 

£H 

t» 

O 

H 

J 

fe 

&H 

«' 

CO 

o 

2i 

'A 

o 

W 

1897 

.09 

2.05 

1.05 

.0016 

.0230 

.0207 

.0023 

.14 

.0017 

.0000 

.31 

0.4 

_ 

1898 

_ 

_ 

.14 

2.24 

1.20 

.0015 

.0252 

.0222 

.0030 

.15 

.0019 

.0000 

.34 

0.5 

- 

1899* 

- 

- 

.11 

2.21 

1.04 

.0088 

.0222 

.0193 

.0029 

.12 

.0030 

.0000 

1 

.27 

0.3 

Note  to  analyses  of  1899:  Odor,  generally  faintly  vegetable,  occasionally  none;  in  May  and  De- 
cember, fiehy  or  oily.  On  heating,  the  odor  in  January,  February,  April,  May,  June,  October,  Novem- 
ber  and  December  was  lishy  or  oily,  at  other  times,  vegetable,  and  sometimes  unpleasant. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 


Chemical  Examination  of  Water  froini  Loon  Pond,  Springfield. 

[Parts  per  100,000.] 


Residue  on 

a 
1 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

d 

i 

c 

albuminoid. 

O 

>. 

■d 

■d 

« 

o 

M 

1 

3 

o 

.9 

•5 

u 

t 

P 

i 

> 
o 
.2 

■a 
a  o. 

o 

1 

*c 

bo 

e 
•a 

S5 

C 

H 

So 

O 

H 

1.^ 

fe 

H 

O    |a3 

O 

A 

'A 

o 

W 

1S99. 

25897 

Jan.     9 

V.  slight. 

Slight. 

.05 

2.35 

1.00 

.0014 

.0154 

.0144 

.0010 

.22 

.0030 

.0000 

.18 

1.0 

26162 

Feb.     6 

Slight. 

Slight. 

.05 

2.65 

1.10 

.0036 

.0166 

.0146 

.0020 

.24 

.0070 

.0001 

.17 

o.» 

26427 

Mar.    8 

Slight. 

Slight. 

.08 

2.40 

1.05 

.0040 

.0162 

.0136 

.0026 

.19 

.0090 

.0001 

.16 

0.5 

26697 

Apr.  10 

V.  slight. 

V.  slight. 

.05 

2.00 

1.00 

.0006 

.0138 

.0118 

.0020 

.14 

.0060 

.0001 

.15 

0.5 

27067 

May   10 

V  slight. 

Slight. 

.05 

2.55 

1.00 

.0010 

.0168 

.0156 

.0012 

.19 

.0020 

.0002 

.14 

0.5 

27410 

June  12 

V.  slight. 

V.  slight. 

.02 

2.50 

1.10 

.0002 

.0174 

.0162 

.0012 

.19 

.0020 

.0000 

.15 

0.8 

27705 

July  10 

Blight 

Slight. 

.04 

2.30 

0.50 

.0000 

.0218 

.0176 

.0042 

.17 

.0020 

.0000 

.16 

0.8 

28581 

Sept.  12 

V.  slight. 

Slight. 

.04 

2.65 

0.90 

.0028 

.0230 

.0196 

.0034 

.24 

.0070 

.0000 

.19 

0.5 

29010 

Oct.    12 

V.  Blight. 

V.  Blight. 

.03 

2.65 

0.95 

.0010 

.0206 

.0188 

.0018 

.24 

.0020 

.0000 

.21 

0.5 

29249 

Nov.    6 

V.  slight. 

Slight. 

.03 

2.40 

0.85 

.0004 

.0180 

.0172 

.0008 

.24 

.0050 

.0000 

.19 

0.5 

29605 

Dec.  11 

V.  slight. 

V.  Blight. 

.03 

2.90 

1.35 

.0014 

.0198 

.0184 

.0014 

.23 

.0010 

.0000 

.24 

i.a 

Averages  by  Years. 


1897 
1898 
1899 


.04 

2.47 

0.97 

.0009 

.0200 

.0175 

.0025 

.21 

.0015 

.0000 

.18 

.06 

2.50 

1.12 

.0013 

.0194 

.0168 

.0026 

.23 

.0035 

.0000 

.18 

.04 

2.48 

0.98 

.0015 

.0181 

.0162 

.0019: 

.21 

.0042 

.0000 

.18 

0.7 
0.8 
0.7 


Note  to  analyees  of  1899 :  Odor,  generally  none,  occasionally  very  faintly  vegetable.  On  heating, 
the  odor  in  March,  April,  May  and  November  was  fishy  or  oily;  at  other  times,  vegetable  or  unpleasant. 
This  pond  is  not  used  as  a  source  of  water  supply. 
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stockbridge. 

Watee  Supply  of  Stockbeidge.  —  Stockbeidge  Watee  Company. 

Chemical  Examination  of  Water  from,  Lake  Averic,  Stockbridge. 

[Parts  per  100,000.] 


o 

O 

o 

a 

Appeakakce. 

Kesidue  on 

EVAPOBA- 
TION. 

Ammonia. 

'E 

Nitrogen 

AS 

i 

§ 

c 

1 

0 

1 

!          2 

1 
■S 

o 

8 

o 

H 

B 
O 

o 

a; 

El. 

ALBDMINOID. 

1 

2 

s 

5 

a 

3 
IZi 

■3 
0 

E- 

■a 
> 
0 

(5 

. 

■a 

■a 

1  c 

=  p. 

1 

1899. 

26274 

Feb.  20 

Slight. 

Cons. 

.11 

7.65 

1.30 

.0086 

.0136  .0110 

.0026 

.06 

.0050 

.0003 

.22 

5.6 

26905 

Apr.  24 

V.  alight. 

V.  Blight. 

.07 

5.10 

0.85 

.0002 

.0080  .0050 

.0030 

.07 

.0040 

.0001 

.10 

3.5 

27582 

June  26 

V.  slight. 

V.  slight 

.08 

5.50 

1.25 

.0010 

.0164  .0142 

.0022 

.05 

.0000 

.0000 

.25 

3.8 

t28332 

Aug.  22 

None. 

V.  slight. 

.09 

6.35 

1.50 

.0004 

.01761. 0156'. 0020 

.04 

.0000 

.0000 

.35 

3.5 

29130 

Oct.    24 

V.  slight. 

Slight. 

.05 

6.70 

1.30 

.0012 

.0240  .02141.0026 

.07 

.0040 

.0000 

.33 

4.6 

29774 

Dec.  26 

V.  slight. 

V.  slight. 

.14 

7.20 

1.55 

.0006 

.0208 

.0198 

.0010 

.09  i 
.06 

.0020 

.0000 

.28 
.25 

5.0 

Av... 

.09 

6.42 

1.29 

.0020 

.0167 

.0145 

.0022 

.0025 

.0001 

4.3 

Odor,  faintly  vegetable  or  none.     On  healing,  the  odor  was  generallj'  vegetable,  and  in  February  and 
October,  fishy  and  oily. 

Microscojncal  Examination. 

The  organism  Uroglena  was  found  in  small  numbers  in  the  samples  collected  in  June  and  October. 

Watee  Supply  of  Stoneham. 
(See  Wakefield.) 

Watee  Supply  of  Stoughton. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Stous-hton 
with  reference  to  certain  proposed  changes  and  improvements  in  the 
system  of  water  supply  of  that  town  may  be  found  on  pages  43  to 
45  of  this  volume. 

Chemical  Examiyiation  of  Water  from  the  Well  of  the  Stoughto7i  Water  Works. 

[Parts  per  100,000.] 


c 

Appearance. 

c 

Ammonia. 

XlTROGEN 

•6 

E 

■a 

a 

3 

o 
2 

1 
"3 

C 

o 

o  a 
3  > 

2W 

a 

is 

6 

c 

i 

c 
o 

go 

60 

>1 

o 

S5 

a 

^ 

M 

O 

C£ 

fc. 

< 

O 

g 

Iz;  ■ 

o 

a 

1899. 

1 

5!.5817 

Jan.     2 

V.  slight. 

V.  Blight. 

.19 

4.00 

.0002 

.0034 

.34 

.0060 

.0001 

.26 

0.8 

.0020 

27144 

May   18 

Slight. 

V.  slight 

.15 

3.00 

.0000 

.0059 

.32 

L0030 

.0000 

.16 

0.5 

.0030 

27631 

June  30 

V.  slight. 

Slight. 

.23 

3.10 

.0018 

.0104 

.29 

.0030 

.0000 

.31 

0.3 

_ 

27919 

July  29 

V.  slight. 

None. 

.23 

3.75 

.0008 

.0084 

.33 

.  0050 

.0001 

.33 

0.8 

- 

28500 

Sept.   6 

v.  slight 

V.  Blight. 

.10 

3.55 

.0004 

.0080 

.37 

1.0060 

.0000 

.16 

1.0 

_ 

28883 

Oct.     4 

V.  slight. 

V.  slight 

.32 

4.50 

.0004 

.0092 

.36 

.0040 

.0000 

.38 

0.8 

- 

Av... 

.20 

3.65 

.0006 

.0075 

.33 

.0045 

.0000 

.27 

0.7 

.0025 

Odor  of  the  first  two  samples,  none;  of  the  others,  faintly  vegetable. 
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STOUGHTON. 

Chemical  Exmnination  of  Water  from  Various  Ponds  and  Brooks  in  StouglUon . 

[Parts  per  100,000.] 


o 
u 

o 

a 

Appb^rance. 

RtSIDHE  ON 

Evapora- 
tion. 

Ammonia. 

c 
o 

s 

Nitrogen 

AS 

a 

3 

a 
o 

o 

to 
><! 

o 

'•p 

a 

■r. 

o 
o 

o 

S 

o 

6 

albuminoid. 

c 

a 

•A 

"3 

"o 
Eh 

> 

'a 

■d 

■a 

1    c 

S 
g 

g 

■3 

a 

1899. 

28347 

Aug.  23 

V.  slight. 

V.  slight. 

.09 

3.45 

1.15 

.0024 

.0076 

.0066 

.0010 

.32 

.0010 

.0000 

.19 

1.0 

28348 

Aug.  23 

V.  slight. 

V.  slight. 

.08 

3.25 

1.00 

.0024 

.0082 

.0066 

.0016 

.30 

•.0030 

.0001 

.17 

0.5 

28350 

Aug.  23 

V.  slight. 

Slight. 

.09 

3.60 

1.35 

.0038 

.0116 

.0084 

.0032 

.32 

.0000 

.0001 

.18 

0.6 

28349 

Aug.  23 

None. 

V.  slight. 

.10 

3.45 

1.10 

.0008 

.0042 

.0040 

.0002 

.40 

.0100 

.0001 

.14 

0.8 

Odor  of  No.  28350,  distinctly  disagreeable;  of  the  others,  faintly  vegetable. The  first  sample 

was  collected  from  the  brook  flowing  from  Muddy  Pond,  opposite  the  collecting  well  of  the  Stoughton 
water  works,  about  1,400  feet  below  the  pond;  the  second,  from  the  brook  flowing  from  Muddy  Pond, 
at  a  point  about  700  feet  below  the  pond;  the  third,  from  the  outlet  of  Muddy  Pond;  the  last,  from 
Drake's  Brook. 


Chemical  Examination  of  Water  from  Springs  and  Tubular  Test  Wells  near 
Muddy  Pond  in  Stoughton, 

[Parts  per  100,000.] 


Appearance. 

Ammonia. 

Nitrogen 

■d 

a 

u 

a 

3 

O 

H 
2 

a 

o 

=>§. 

3  > 

T3^ 

t 

IS 

o 

o 

■*J 

go 

bo 

•3 
3 

a 
o 

!zi 

a 

H 

CZj 

O 

» 

fe 

< 

O 

^ 

a 

o 

K 

ti 

1899. 

28351 

Aug.  23 

V.  slight. 

Slight. 

.02 

2.70 

.0000 

.0062 

.28 

.0000 

.0001 

.05 

0.5 

.0050 

28439 

Aug.  31 

None. 

None. 

.00 

3.10 

.0000 

.0006 

.27 

.0080 

.0000 

.02 

0.0 

.0020 

28440 

Aug.  31 

None. 

V.  Blight. 

.00 

2.90 

.0000 

.0010 

.26 

.0050 

.0000 

.04 

0.0 

.0010 

28441 

Aug.  31 

None. 

None. 

.00 

2.90 

.0000 

.0006 

.25 

.0060 

.0000 

.03 

0.3 

.0010 

Odor,  none. The  first  sample  was  collected  from  a  large  spring  on  the  north-westerly  side  of 

Muddy  Pond;  the  second,  from  the  most  northerly  of  a  group  of  tubular  test  wells  situated  in  the  upper 
end  of  the  meadow  in  which  Muddy  Pond  is  located;  the  third,  from  the  spring  near  the  northerly  test 
well;  the  last,  from  the  most  southerly  test  well,  situated  at  the  upper  end  of  the  meadow  in  which 
Muddy  Pond  is  located. 
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swampscott  and  istahant. 

Water    Supply    of    Swampscott    and    Nahant.  —  Marblehead 

Water  Company. 

(See  also  Metropolitan  Water  District,  pages  127  to  152.) 

Chemical  Examination  of  Water  from  the  Wells  of  the  Swampscott  Water  Works. 

[Parts  per  100,000.] 


T 

Appearance. 

A 

Ammonia. 

s 

NITKOGEN 
AS 

a 

a 
c 

gS 

60 

>> 
o 

-5 

a 

a 

•3 
S 

■   3 

1 
-3 

o 
o 
O 

u 

3 

o 

< 

1 

a 
o 

1899. 

25944 

Jan.   13 

None. 

None. 

.00 

41.90 

.0002 

.0020 

12.70 

.3350 

.0000 

.06 

17.0 

.0010 

26118 

Feb.    2 

None. 

None. 

.00 

50.50 

.0000 

.0016 

16.40 

.4500 

.0000 

.06 

21.0 

.0010 

26411 

Mar.    6 

None. 

V.  Blight. 

.01 

64.50 

.0000 

.0020 

17.32 

.5000 

.0000 

.07 

19.5 

.0020 

26686 

Apr.   6 

V.  Blight. 

V.  slight. 

.00 

43.00 

.0000 

.0022 

12.65 

.4800 

.0000 

.06 

16.0 

.0020 

27035 

May     8 

None. 

V.  slight. 

.00 

60.50 

.0000 

.0020 

19.40 

.5200 

.0000 

.07 

12.6 

.0080 

27692 

July     8 

None. 

None. 

.00 

108.20 

.0000 

.0020 

33.10 

.9500 

.0000 

.12 

30.0 

.0030 

28125 

Aug.    8 

None. 

None. 

.00 

16.30 

.0000 

.0006 

1.71 

.0950 

.0000 

.30 

6.9 

.0010 

Av... 

.00 

53.56 

.0000 

.0018 

16.18 

.4767 

.0000 

.11 

17.6 

.0026 

Odor,  none. No.  27692  was  collected  from  a  faucet  in  the  town,  and  the  others  from  a  faucet  at 

the  pumping  station.    The  samples  generally  represent  water  from  the  large  well,  mixed  with  water 
from  the  wells  in  Paradise  Road. 


Chemical  Examination  of  Water  from  Tubular  Wells  at  the  Southerly  End  of 
Thompson  Meadow,  in  Swampscott  and  Salem, 

[Parts  per  100,000.] 


B 

o 

o 

Q 

Appearance. 

o 

!l 

3  > 

Ammonia. 

6 
c 

o 

5 

Nitrogen 

AS 

■a 

a 

3 
C 

o 

3 

•2 

a 

i 

a 

■5 
3 

3 

.1 
■5 

02 

c 

o 
o 

!2 

o 
s 

1 

2 

25943 

1899. 

Jan.  12 

None. 

None. 

.00 

19.50 

.0004 

.0020 

1.10 

.0260 

.0000 

.09 

11.2 

.0000 

26119 

Feb.    2 

None. 

None. 

.01 

18.50 

.0000 

.0024 

1.10 

.0270 

.0000 

.06 

10.9 

.0010 

26412 

Mar.    6 

None. 

V.  slight. 

.00 

18.60 

.0008 

.0026 

1.13 

.0370 

.0000 

.06 

10.0 

.0030 

26687 

Apr.    6 

None. 

None. 

.00 

17.30 

.0002 

.0020 

1.20 

.0310 

.0000 

.05 

9.3 

.0020 

27034 

May     8 

None. 

None. 

.00 

16.40 

.0006 

.0026 

1.10 

.0300 

.0000 

.06 

8.9 

.0020 

Av... 

.00 

18.04 

.0004 

.0023 

1.13 

.0302 

.0000 

.06 

10.1 

.0016 

Odor,  none 
meadow. 


The  samples  were  collected  from  a  faucet  at  the  pumping  station  in  Thompson 
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TAUNTON. 


Water 

Chemical  Examination  of 


Supply  of  Taunton. 

Water  from  Assawompsett  Pond,  Lakeville. 

[Parts  per  100,000.] 


c 
o 

Appeakance. 

Residue  on 
Evapora- 
tion 

Ammonia. 

Nitrogen 

as 

1 

"3 

3 

1 
•3 

w 

c 

o 
o 
O 

H 

S 

3 

£ 

albdminoid. 

c 
■c 

_o 

IS 
.53 

"n 

s 

a 

a 

1 

o 

J3 

H 

o 

E-i 

T3 
> 
O 

S 

73 

■o 
,  c 

3  a 

CO 

1 

25957 

1899. 

Jan.   16 

V.  slight. 

V.  slight. 

.67 

3.75 

2.20 

.0006 

.0212 

.0188 

.0024 

.0010 

.0000 

.96 

0.5 

26538 

Mar.  20 

Slight. 

Slight. 

.52 

3.30 

1.70 

,0014 

.0188 

.0162 

.0026 

.44 

.0010 

.0000 

.75 

0.3 

27194 

May  22 

Slight. 

V.  slight. 

.52 

3.25 

1.65 

.0006 

.0178 

.0166 

.0012 

.45 

.0000 

.0000 

.68 

0.2 

27514 

June  20 

v.  slight. 

V.  slight. 

.38 

3.35 

1.50 

.0016 

.0202 

.0184 

.ooft 

.45 

.0010 

.0000 

.59 

0.5 

27792 

July  17 

V.  Blight. 

V.  Blight. 

.23 

3.05 

1.30 

.0022 

.0170 

.0160  .0010 

.48 

.0020 

.0000 

.51 

0.3 

28649 

Sept.  18 

V.  slight. 

Slight. 

.20 

3.10 

1.25 

.0004 

.0216 

.0194  .0022 

.46 

.0000 

.0000 

.33 

0.3 

29372 

Nov.  13 

V.  Blight. 

V.  slight. 

.13 

3.00 

1.80 

.0006 

.0198 

.0182  .0016 

.45 

.0010 

.0000 

.37 

0.2 

Averag 

es  by 

Years. 

- 

1894' 

- 

- 

.33 

3.22 

1.26 

.0003 

.0157 

.0132 

.0025 

.51 

.0021 

.0000 

.43 

0.7 

- 

1895 

- 

- 

.36 

3.34 

1.54 

.0005 

.0185 

.0157 

.0028 

.53 

.0013 

.0000 

.50 

0.7 

- 

1896 

- 

- 

.33 

3.58 

1.47 

.0008 

.0179 

.0160 

.0019 

.54 

.0032 

.0000 

.52 

0.9 

- 

1897 

- 

- 

.36 

3.56 

1.57 

.0011 

.0206 

.0177 

.0029 

.57 

.0027 

.0000 

.52 

0.9 

- 

1898 

- 

- 

.47 

3.38 

1.63 

.0007 

.0198 

.0171 

.0027 

.53 

.0012 

.0000 

.60 

0.7 

- 

1899 

- 

- 

.38 

3.26 

1.54 

.0011 

.0195 

.0177 

.0018 

.47 

.0009 

.0000 

.60 

0.3 

Note  to  analyses  of  1899  :  Odor,  generally  vegetable,  sometimes  none.    A  fishy  odor  was  developed 
in  the  first  two  samples  on  heating. 

Microscojncal  Examination  of  Water  from  Assawompsett  Pond,  Lakeville. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

March. 

May. 

June. 

July. 

Sept. 

Nov. 

Day  of  examination, 
Number  of  sample, 

17 

25957 

21 
26538 

23 
27194 

22 
27514 

18 
27792 

19 

28649 

14 
29372 

PLANTS. 
Diatomacese,    . 

Asterionella, 

Cyanophycese, 

Anabsena 

Microcystis, 

Algse 

ProtococouB,      . 

95 
65 

0 
0 
0 

0 
0 

400 

344 

0 
0 

0 

40 
0 

123 

18 

1 
1 
0 

0 
0 

47 

4 

35 

35 

0 

6 
0 

26 

8 

30 

2 
22 

6 

0 

64 
19 

28 

0 

28 

58 

58 

31 

7 

3 

0 
3 

163 

162 
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TATJNTON. 

Microscopical  Examination  of  Water  from  Assawomjpsett  Pond,  Lakeville  — 

Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

March. 

May. 

June. 

July. 

Sept. 

Nov. 

ANIMALS. 

Rhizopoda,  Actinophrys, 

0 

0 

0 

1 

0 

0 

0 

Infusoria,   .... 

37 

794 

2 

1 

0 

5 

0 

Dinobryon, 

Synura,      .... 

Uroglena,  .... 

33 
0 
0 

758 

22 

2 

0 
0 
0 

0 
0 
0 

0 
0 
0 

4 
0 
0 

0 
0 
0 

Vermes 

1 

6 

0 

0 

0 

0 

0 

Crustacea,  Bosmina, 

0 

pr. 

0 

0 

0 

0 

0 

Miscellaneous,  Zobgloea, 

3 

8 

10 

5 

3 

3 

3 

Total 

136 

1,248 

186 

95 

65 

158 

200 

Chemical  Examination  of  Water  from  Elder''s  Pond,  Lakeville. 

[Parts  per  100,000.] 


1 

■s 

Appeaeancb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
0 

0 

Nitrogen 

AS 

1 

s 

c 
0 

0 

3 

c 
S 

c 

a 
o 

o 

c 

o 

o 

Eh 

albuminoid. 

1 

g 

a 

a 
"A 

■3 
0 

Eh 

■a 
"3 
S 

■a 
•a 

S 

1899. 

25958 

Jan.  16 

V.  slight. 

V.  slight.  .06 

2.60 

1.25 

.0006 

.0144 

.0136 

.0008 

.48 

.0010 

.0000 

.27 

0.5 

26589 

Mar.  20 

V.  slight. 

V.  slight. 

.03 

2.65 

1.00 

.0014 

.0138 

.0122 

.0016 

.48 

.0010 

.0000 

.21 

0.3 

27195 

May  22 

V.  Blight. 

Slight. 

.07 

2.50 

1.00 

.0004 

.0154 

.0130 

.0024 

.48 

.0000 

.0000 

.21 

0.2 

27515 

June  20 

V.  slight. 

V.  slight. 

.06 

2.65 

1.25 

.0002 

.0166 

.0154 

.0012 

.45 

.0020 

.0000 

.24 

0.3 

27793 

July  17 

V.  Blight. 

V.  slight. 

.03 

2.45 

0.95 

.0000 

.0168 

.0146 

.0022 

.49 

.0020 

.0000 

.28 

0.3 

28650 

Sept.  18 

V.  slight. 

Slight. 

•10 

2.85 

1.25 

.0010 

.0206 

.0190 

.0016 

.44 

.0000 

.0000 

.28 

0.5 

29373 

Nov.  13 

V.  Blight. 

Slight. 

.07 

2.65 

1.20 

.0022 

.0190 

.0164 

.0026 

.46 

.0040 

.0000 

.22 

0.2 

Averages  by  Years. 


1894 
1895 
1896 
1897 
1898 
1899 


- 

.04 

2.32 

0.94 

.0004 

.0135 

.0120 

.0015 

.42 

.0015 

.0000 

.17 

- 

.05 

2.57 

0.98 

.0001 

.0161 

.0143 

.0018 

.46 

.0018 

.0000 

.22 

- 

.05 

2.70 

0.96 

.0005 

.0169 

.0139 

.0030 

.50 

.0017 

.0000 

.22 

- 

.06 

2.61 

1.09 

.0018 

.0154 

.0142 

.0012 

.53 

.0032 

.0000 

.23 

- 

.08 

2.71 

1.07 

.0007 

.0168 

.0151 

.0017 

.55 

.0012 

.0000 

.25 

- 

.06 

2.62 

1.13 

.0008 

.0167 

.0149 

.0018 

.47 

.0014 

.0000 

.24 

1 

0.4 
0.5 
0.5 
0.6 
0.6 
0.3 


Note  to  analyses  of  1899  :  Odor,  generally  vegetable,  sometimes  none.    On  heating,  the  odor  of  the 
first  and  third  samples  became  distinctly  fishy  and  oily. 
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TAUNTOSr. 

Microscopical  Examination  of  Water  from  Elder''s  Fond,  Lakeville. 

[Number  of  organisms  per  cubic  centimeter.] 


1S99. 

Jan. 

Mar. 

May. 

June. 

July. 

Sept. 

Nov. 

Day  of  examiDation, 

17 

21 

23 

22 

18 

19 

14 

Number  of  sample, . 

25958 

26539 

27195 

27515 

27793 

28650 

29373 

PLANTS. 

Diatomacese,    . 

H 

72 

28 

32 

42 

43 

32 

Asterionella, 

12 

51 

9 

0 

6 

7 

6 

Cyanopliycese, 

0 

0 

12 

8 

36 

15 

0 

Anabasna,  .... 
Microcystis, 

0 
0 

0 
.  0 

12 
0 

6 
2 

20 
16 

0 
15 

0 
0 

Algse 

0 

0 

1 

8 

26 

47 

4 

ANIMALS. 

Infusoria,    .... 

2,178 

20 

21 

84 

2 

0 

4 

Dinobryon, 
Peridinium, 
Uroglena,  .... 

2,170 
2 
4 

19 
0 
1 

1 
1 
6 

0 

82 
0 

0 
0 
0 

0. 

0 

0 

0 

0 
0 

Vermes,       .... 

0 

1 

0 

2 

0 

1 

1 

Crustacea,  Cyclops, . 

0 

pr. 

0 

0 

0 

0 

0 

Miscellaneous,  Zoogloea, 

0 

5 

5 

5 

6 

3 

3 

Total 

2,192 

98 

67 

139 

112 

109 

44 

Water  SurPLY  ofTisbury.  —  Vineyard  Haven  Water  Company. 

Chemical  Examination  of  Water  from  the  Filter-gallery  at  Tashmoo  Spring. 

[Parts  per  100,000.] 


Appeabancb. 

Ammonia. 

Nitrogen 

■6 

a 

03 

« 

c 

a 

s 

O 

a 

s 

3 

1 

o 
o 

og, 
■P 

u 

o 
a 

< 

o 

o 

1 

o 

q 
■a 
3 

a 

a 

2 

1899. 

28333 

Aug.  22 

None. 

None. 

.00 

■4.80 

.0000 

.0002 

.97 

.0040 

.0000 

.03 

0.5 

.0030 

Odor,  none. 
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TYNGSBOROTIGH. 

T  YNGSBOROUGH . 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Tyngs- 
borough  with  reference  to  certain  proposed  sources  of  supply  for 
the  village  of  Tyngsborough  may  be  found  on  pages  45  and  46  of 
this  volume. 

Chemical  Examijiatioji  of  Water  from  a  Well  in  Tyngsborough. 

[Parts  per  100,000.] 


Appearance. 

c 

Ammonia. 

Nitrogen 

■o 

1^ 

a 

ft 

3  > 
1'^ 

c 
o 

AS 

S 

3 

bo 

c 
•a 

a 

s 

•3 
a 

1 
■3 

o 

o 

c 

1 

*E 

c 
o 

'A 

C 

H 

m 

«-> 

W 

fa 

< 

o 

'A 

g 

O 

35 

1899. 

28728 

Sept.  25 

Decided. 

Sliglit. 

.15 

4.90 

.0244 

.0150 

.20 

.0100 

.0015 

.18 

1.7 

.0130 

28912 

Oct.     6 

V.  slight. 

V.  Blight. 

.14 

4.20 

.0046 

.0048 

.21 

.0110 

.0007 

.07 

2.3 

.0200 

...      Odor,  distinctly  unpleasant,  becoming  also  musty  on  heating. The  first  sample  was  collected 

from  the  well;  the  second  from  a  faucet  supplied  with  water  from  the  well. 


Water   Supply   of   Wakefield    and    Stoneham 

Water  Company. 
Chemical  Examination  of  Water  from  Crystal  Lake, 

[Parts  per  100,000.] 


.  —  Wakefield 

Wakefield. 


.5 

o 

c 

O 

Appearance. 

Kbsidde  on 
Evapora- 
tion. 

Ammonia. 

a 

S 
O 

Nitrogen 

AS 

•6 
§ 

3 

B 
o 
O 

c 

O 

■3 
S 

s 
El 

B 
S 

o 
o 
O 

"3 

o 
H 

B 
o 

fa 

ALBCMINOID. 

1 
1 

s 

1 

c 

B 
1 

1 

1 
o 

5 

■o 

1    B 
3  O, 
00 

1 

Hi 

1899. 

26602 

Mar.  29 

V.  slight. 

V.  slight. 

.12 

4.15 

1.50 

.0024 

.0154 

.0118 

.0036 

.57 

.0320 

.0003 

.25 

1.8 

27618 

June  28 

V.  slight. 

Slight. 

.16 

4.25 

1.25 

.0014 

.0208 

.0172 

.0036 

.56 

.0060 

.0002 

.31 

1.7 

28793 

Sept.  27 

Slight. 

Slight. 

.15 

4.75 

1.75 

.0016 

.0206 

.0184 

.0022 

.60 

.0010 

.0000 

.24 

2.0 

29591 

Dec.    5 

Slight. 

Slight. 

.12 

3.85 

1.05 

.0006 

.0208 

.0160 

.0048 

.60 

.0050 

.0001 

.27 

1.6 

29785 

Dec.  26 

Slight. 

Cons. 

.09 

4.25 

1.20 

.0030 
.0018 

.0194 

.0160 

.0034 
.0034 

.65 
.59 

.0050 

.0000 

.21 

.26 

2.0 

Av.*. 

.13 

4.30 

1.40 

.0192 

.0158 

.0110 

.0001 

1.8 

Odor  of  the  first  three  samples,  faintly  vegetable;  of  the  last  two,  none.   A  distinctly  vegetable  odor 

was  developed  in  the  last  three  samples  on  heating. The  samples  were  collected  from  a  faucet  in 

the  pumping  station. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 
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WAKEFIELD  AND  STONEHAM. 

Microscopical  Examination  of  Water  from  Crystal  Lake,  Wakefield. 

[Number  of  organiBms  per  cubic  centimeter.] 


March.         June.  Sept. 


Day  of  esamination,  . 
Number  of  sample, 

PLANTS. 

Diatomaceee, 

Asterionella, 
Cyclotella, 
Melosira, 
Tabellaria,     . 

Cyanophyceee,    . 

Microcystis, . 

Algae,        .... 

Protococcus, 

ANIMALS 

Infusoria, 

Dinobryon,    . 
Peridioium,   . 

Vermes,  Anurea,    . 

Crustacea,  Cyclops,     . 

Miscellaneous,  Zoogloea,    . 

TOTAl,    .... 


31 
26602 


29 
27618 


29 
28793 


7 
29591 


27 
29785 


18 

0 

10 

0 

0 

41 
34 

124 

120 


550 
380 

10 
122 

14 

6 
0 


1,090 

170 

98 

150 

594 

0 
0 

20 
14 


938 
66 

112 
14 

722 

0 
0 

64 
64 


27 

13 
12 

1 

pr. 


38 


187 


580 


1,178 


1,102 


Water  Supply  of  Walpole, 
Chemical  Examination  of  Water  from  the  Wells  of  the  WaljJole  Water  Works. 

[Parts  per  100,000.] 


Appearance. 

a 

Ammonia. 

Nitrogen 

■6 

a 

1 

o 

0) 

■3 

3 

3 

i 

■3 

o 

So 
a  a 

3  > 

£ 

!2 

'm 

bo 

1 

o 

^ 

a 

El 

O 

M 

fe 

<j 

o 

iz; 

Zi 

o 

ta 

ti 

1899. 

27199 

May  23 

None. 

None. 

.00 

3.50 

.0000 

.0008 

.31 

.0030 

.0000 

.01 

0.8 

.0010 

27609 

June  28 

None. 

None. 

.00 

3.80 

.0004 

.0006 

.31 

.0070 

.0000 

.02 

1.1 

.0020 

27917 

July  27 

None. 

None. 

.01 

3.90 

.0000 

.0012 

.32 

.0110 

.0000 

.01 

1.0 

.0020 

28404 

Aug.  28 

None. 

None. 

.00 

3.60 

.0000 

.0008 

.29 

.0040 

.0000 

.03 

1.0 

.0010 

28757 

Sept.  27 

None. 

None. 

.00 

3.50 

.0000 

.0008 

.30 

.0100 

.0000 

.01 

0.9 

.0050 

29140 

Oct.   25 

None. 

None. 

.00 

3.60 

.0000 

.0004 

.30 

.0130 

.0000 

.00 

1.0 

.0010 

Av... 

.00 

3.65 

.0001 

.0008 

.30 

.0080 

.0000 

.01 

1.0 

.0020 

Odor,  none. 
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"WALTHAM. 


Water  Supply  of  Waltham. 


Chemical  Examination  of  Water  from  the  Well  and  Filter-gallery  of  the  Waltham 

Water  Works. 

[Parts  per  100,000.] 


Q 

Appearance. 

o 

a>  a! 
3  > 

Ammonia. 

B 
o 

NiTEOGEN 
AS 

"d 

1 

3 

c 
o 

be 

i? 

o 

1 

u 

a 

a 

■3 
S 

c 

.1 
'a 

3 

o 

a 

< 

1 

% 

a 
£ 

1899. 

26995 

Jan.  20 

None. 

V.  slight. 

.05 

7.00 

.0026 

.0020 

.58 

.0380 

.0000 

.07 

3.5 

.0100 

26230 

Feb.  15 

V.  Blight. 

Slight. 

.05 

7.90 

.0044 

.0016 

.60 

.0330 

.0000 

.05 

3.5 

.0110 

26492 

Mar.  15 

None. 

None. 

.01 

6.90 

.0000 

.0036 

.63 

.0620 

.0000 

.03 

3.1 

.0020 

26909 

Apr.  25 

None. 

None. 

.00 

7.20 

.0000 

.0024 

.60 

.0630 

.0000 

.02 

2.7 

.0010 

27128 

May  17 

None. 

None. 

.01 

6.50 

.0000 

.0018 

.62 

.0840 

.0000 

.06 

3.3 

.0020 

27517 

Juue  21 

V.  slight. 

None. 

.05 

6.70 

.0020 

.0026 

.56 

.0350 

.0000 

.04 

3.0 

.0020 

27830 

July  19 

None. 

None. 

.00 

8.10 

.0024 

.0032 

.57 

.0340 

.0000 

.06 

3.1 

.0060 

28230 

Aug.  16 

None. 

V.  slight. 

.04 

7.80 

.0012 

.0022 

.50 

.0220 

.0000 

.04 

3.0 

.0110 

28682 

Sept.  20 

V.  slight. 

V.  slight. 

.04 

6.80 

.0034 

.0052 

.56 

.0240 

.0000 

.05 

2.9 

.0060 

29058 

Oct.   18 

None. 

None. 

.05 

7.30 

.0050 

.0024 

.55 

.0220 

.0000 

.05 

3.4 

.0200 

29414 

Nov.  15 

None. 

v.  slight. 

.01 

6.90 

.0034 

.0028 

.57 

.0140 

.0000 

.07 

2.9 

.0100 

29715 

Dec.  20 

None. 

None. 

.02 

7.60 

.0046 

.0028 

.57 

.0140 

.0000 

.07 

3.3 

.0170 

Averages  by  Years. 


1888 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


.00 

6.70 

.0009 

.0054 

.46 

.0273 

.0003 

- 

.00 

6.81 

.0033 

.0027 

.45 

.0162 

.0000 

3.4 

.01 

6.86 

.0036 

.0022 

.47 

.0179 

.0000 

.06 

3.4 

.02 

6.75 

.0028 

.0019 

.51 

.0192 

.0000 

.06 

3.1 

.03 

7.15 

.0036 

.0024 

.53 

.0198 

.0000 

.05 

3.4 

.03 

7.36 

.0034 

.0018 

.55 

.0194 

.0000 

.06 

3.6 

.04 

7.15 

.0031 

.0035 

.57 

.0222 

.0001 

.06 

3.6 

.07 

7.31 

.0034 

.0028 

.59 

.0280 

.0000 

.07 

3.4 

.03 

7.22 

.0024 

.0027 

.58 

.0371 

.0000 

.05 

3.1 

0034 
.0020 
.0044 
0082 
.0157 
0108 
0162 
0082 


Note  to  analyses  of  1899 :  Odor,  none. 
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WALTHAM. 

Chemical  Examination  of  Water  from  the  Distributing  Reservoir  of  the  Waltham 

Water  Works. 

[Parts  per  100,000.] 


_S 

Appeabance. 

Ammonia. 

Nitrogen 

AS 

a 

Si 

a 

s 

ate  of 

Collec 

'a 

1 

o 

Oft 

a  > 

!2W 

6 

o 

g 

1 

_  5 

1 

d 
o 

Sq 

a 

H 

w 

O 

M 

^ 

< 

O 

2 

!Zi 

o 

W 

hH 

X899. 

25996 

Jan.  20 

V.  Blight. 

None. 

.05 

7.60 

.0004 

.0024 

.58 

.0210 

.0000 

.09 

3.5 

.0060 

26493 

Mar.  15 

V.  slight. 

V.  Blight. 

.05 

6.90 

.0032 

.0018 

.55 

.0280 

.0000 

.04 

3.5 

.0090 

26910 

Apr.  25 

V-  Blight. 

Cons., 
clayey. 

.05 

7.30 

.0002 

.0092 

.58 

.0210 

.0002 

.08 

3.4 

.0120 

27127 

May   17 

Slight, 

milky. 
Slight, 

Slight. 

.09 

7.90 

.0000 

.0110 

.55 

.0240 

.0000 

.11 

3.1 

.0070 

27518 

June  21 

Slight. 

.15 

7.80 

.0000 

.0168 

.53 

.0110 

.0001 

.12 

3.0 

.0050 

milky. 

27831 

July  19 

V,  slight. 

Slight. 

.06 

7.30 

.0012 

.0138 

.66 

.0140 

.0000 

.12 

3.1 

.0070 

28231 

Aug.  16 

Slight. 

Cons., 
clayey. 

.10 

7.60 

.0010 

.0110 

.51 

.0120 

.0001 

.13 

3.0 

.0130 

28683 

Sept.  20 

V.  slight. 

Cons. 

.12 

7.10 

.0010 

.0150 

.53 

.0100 

.0000 

.14 

3.0 

.0080 

29415 

Nov.  15 

V.  slight. 

Slight. 

.05 

7.00 

.0026 

.0030 

.57 

.0170 

.0000 

.08 

2.7 

.0170 

29716 

Dec.  20 

None. 

V.  slight. 

.10 

7.60 

.0036 

.0042 

.56 

.0140 

.0000 

.07 

3.3 

.0280 

At 

erages 

by  I 

^ears 

1888 

.00 

6.45 

.0003 

.0075 

.46 

.0248 

.0003 

_ 

1892 

_ 

_ 

.01 

6.28 

.0006 

.0082 

.44 

.0119 

.0001 

- 

3.0 

.0070 

_ 

1893 

_ 

_ 

.04 

6.72 

.0006 

.0074 

.47 

.0127 

.0001 

.10 

3.1 

.0019 

_ 

1894 

_ 

_ 

.03 

6.80 

.0007 

.0140 

.51 

.0078 

.0001 

.09 

3.1 

.0032 

_ 

1895 

_ 

_ 

.04 

7.00 

.0016 

.0085 

.53 

i.0161 

.0000 

.09 

3.3 

.0045 

_ 

1896 

_ 

_ 

.05 

7.40 

.0013 

.0083 

.55 

1.0172 

.0001 

.07 

3.4 

.0099 

_ 

1897 

_ 

_ 

.06 

7.20 

.0011 

.0117 

.57 

.0135 

.0001 

.09 

3.5 

.0035 

_ 

1898 

_ 

- 

.08 

7.35 

.0013 

.0114 

.59 

.0140 

.0001 

.10 

3.3 

.0071 

- 

1899 

~ 

~ 

.08 

7.41 

.0013 

.0088 

.55 

.0172 

.0000 

.10 

3.2 

.0111 

Note  to  analyses  of  1899  :  Odor  in  July  and  September,  unpleasant;  at  other  times,  none.    A  vege- 
table odor  was  developed  in  most  of  the  samples  on  heating. 

Microscojncal  Examination  of  Water  from  the  Distributing  Reservoir  of  the 
Waltham  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Nov. 

Dec. 

Day  of  examination 

23 

16 

25 

18 

22 

19 

17 

21 

16 

21 

Number  of  sample 

25996 

26493 

26910 

27127 

27618 

27831 

28231 

28683 

29416 

29716 

PLANTS. 

DiatomacesB 

1,568 

1 

15,003 

3,130 

1,252 

3,318 

7,518 

4,000 

4 

43 

Asterionella, 

Synedra, 

1,448 
120 

0 
1 

15,000 
3 

624 
2,600 

4 
1,248 

18 
3,280 

16 
7,500 

0 
4,000 

0 

4 

3 

40 

Algse 

42 

0 

2 

2 

0 

1 

0 

0 

0 

0 

Fungi,  Crenothrix,       .... 

0 

0 

0 

0 

10 

0 

0 

0 

24 

0 
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WALTHAM. 

Microscopical  Examination  of  Water  from  the  Distributing  Reservoir  of  the 
Waltham  Water  Works  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1809. 

Jan. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Nov. 

Dec. 

ANIMALS. 
Kllizopoda,  Actinophrys,  . 

Infusoria 

Monas 

Vermes,  Anurea,          .... 

0 

2 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

2 

2 

0 

1 

0 
0 

0 

0 

29 

28 
0 

0 

0 
0 

2 

0 

0 
0 

0 

0 
0 

0 

0 

0 
0 

0 

Miscellaneous,  Zobgloea, 

3 

5 

0 

5 

3 

° 

0 

3 

3 

3 

Total, 

1,615 

6 

15,005 

3,139 

1,266 

3,348 

7,518 

4,003 

31 

46 

Water  Supply  of  Ware. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Ware, 
relative  to  the  quality  of  the  water  of  certain  springs  and  wells 
used  as  sources  of  water  supply  for  a  number  of  families  in  that 
town,  may  be  found  on  pages  46  to  48  of  this  volume. 

The  advice  of  the  Board  relative  to  the  use  of  Mineral  Spring 
Pond  in  Ware  as  a  source  of  ice  supply  may  be  found  on  pages  109 
and  110  of  this  volume. 


Chemical  Examination  of  Water  from  the  Large  Well  of  the  Ware  Water  Works. 

[Parts  per  100,000.] 


o 
o 

T 

Q 

Appearance. 

Ammonia. 

c 
o 

o 

NiTEOGBN 
AS 

•6 

i 

c 
to 

J? 

o 

•5 

a 

3 

•3 

3 

I 
•S 

o 
o 

o 

•6 

o 
c 

is 
< 

1 

s 

2 

27455 

1899. 

June  14 

None. 

None. 

.00 

9.30 

.0000 

.0010 

0.96 

.4200 

.0000 

.01 

3.4 

.0010 

27688 

July     6 

None. 

None. 

.00 

8.70 

.0000 

.0010 

0.80 

.3550 

.0000 

.01 

2.7 

.0030 

28137 

Aug.    9 

None. 

None. 

.00 

9.40 

.0000 

.0006 

0.81 

.3000 

.0000 

.01 

2.6 

.0000 

28618 

Sept.  13 

None. 

None. 

.00 

10.30 

.0000 

.0006 

0.80 

.3440 

.0000 

.01 

3.0 

.0010 

28944 

Oct.   10 

None. 

None. 

.02 
.00 

16.80 

.0002 

.0014 

1.70 

.7600 

.0000 

.02 

4.9 

.0010 

Av... 

10.90 

.0000 

.0009 

1.01 

.4358 

.0000 

.01 

3.3 

.0010 

Odor,  none. 
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WARE. 


Chemical  Examination  of  Water  from  Springs  and  Wells  i?i  Ware. 

[Parts  per  100,000.] 


c 
o 

1 
2 

C3 

Q 

Appbakance. 

«1 

1 

Ammonia. 

c 
o 
"a 
o 

NimOGEN 

as 

■c 

a 

a 

go 

•5 

03 

s 

"A 

3 

3 

1 

o 

6 

'3 

< 

1 

n 

2 

1S99. 

27481 

June  19 

V.  slight. 

V.  slight. 

.02 

14.20 

.0000 

.0035 

0.60 

0.3150 

.0000 

.04 

6.0 

.0040 

27482 

June  19 

V.  slight. 

Slight. 

.02 

13.00 

.0014 

.0080 

0.96 

0.3075 

.0003 

.08 

4.4 

.0180 

27483 

June  19 

V.  slight. 

V.  Blight 

.02 

57.80 

.0004 

.0112 

9.67 

1.9400 

.0004 

.14 

15.5 

.0010 

27484 

June  19 

None. 

V.  slight. 

.01 

20.10 

.0000 

.0062 

0.78 

0.7300 

.0000 

.07 

8.3 

.0010 

27632 

July    3 

None. 

V.  Blight. 

.05 

14.30 

.0002 

.0040 

0.61 

0.4800 

.0000 

.03 

6.0 

.0010 

27633 

July    3 

None. 

V.  slight. 

.02 

18.50 

.0006 

.0084 

0.76 

0.6800 

.0000 

.04 

7.6 

.0010 

Odor  of  the  first  two  and  fifth  samples,  none;  of  the  third,  none,  becoming  faintly  earthy  on  heat- 
ing;  of  the  fourth,  faintly  disagreeable;   of  the  last,  faintly  musty. The  first  two  samples  were 

collected  from  an  iron  tank  on  the  premises  of  the  Geo.  H.  Gilbert  Manufacturing  Company,  supplied 
■with  water  from  a  spring  between  Chestnut  and  South  streets.  The  third  and  fourth  samples  were 
collected  from  a  wooden  tank  on  the  premises  of  the  C.  A.  Stevens  Company,  supplied  with  water  from 
a  spring  between  Chestnut  and  South  streets.  The  fifth  sample  was  collected  from  a  well  in  the  rear  of 
a  row  of  houses  belonging  to  the  Geo.  H.  Gilbert  Manufacturing  Company,  and  the  sixth  from  a  well 
on  the  premises  of  Arthur  R.  Kane  on  Water  Street. 


Chemical  Examination  of  Water  from  Mineral  Spring  Pond  and  its  Princijial 

Feeder  in  Ware. 


[Parts  per  100,000.] 


Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

o 

tion. 

b 

3 

3 
o 

[A 

n 

c 

albdminoid. 

■a 

•6 

M 

a 

o 
a) 

3 

a 

o 

-i 

i 

3 

o 

•a 

1   B 

o 

1 

-2 

to 

a 
■a 

% 

O 

Eh 

ai 

O 

H 

.J 

fe 

H 

O 

tc 

O 

^ 

Zi 

O 

H-l 

1899. 

28940 

Oct.   10 

None. 

V.  Blight. 

.02 

3.20 

- 

.0012 

.0018 

- 

- 

.14 

.0010 

.0000 

.02 

0.8 

28939 

Oct.   10 

V.  slight. 

Slight. 

.20 

3.75 

1.10 

.0004 

.0092 

.0058 

.0034 

.16 

.0000 

.0001 

.19 

0.5 

Odor  of  the  first  sample,  faintly  disagreeable;  of  the  last,  none,  becoming  very  faintly  unpleasant 

on  heating. The  first  sample  was  collected  from  a  spring  which  is  the  principal  feeder  of  Mineral 

Spring  Pond ;  the  last,  from  Mineral  Spring  Pond. 


Waeren. 
The  advice  of  the  State  Board  of  Health  to  John  S.  Gould  and 
others,  of  Warren,  relative  to   a  proposed  water  supply  for  that 
town  may  be  found  on  pages  48  and  49  of  this  volume. 
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WATIiAND. 


Water  Supply  of  Wayland. 


Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Wayland  Water 

Works. 

[Parts  per  100,000.] 


1 

1 

o 

T 

Q 

Appeabancb. 

c 

Ammonia. 

1 

.9 

o 

I 

Nitrogen 

AS 

•6 

s 

s 

B 

o 

B3 

u 

a 

s 
•A 

■3 

s 

Eh 

s 
1 

o 
o 
O 

6 

O 

c 

< 

S 
b 

g 

5 
2 

c 
o 

26116 

1899. 

Feb.    2 

None. 

None. 

.35 

4.25 

.0060 

.0112 

.26 

.0160 

.0001 

.39 

1.6 

.0180 

26676 

Apr.    5 

V.  slight. 

V.  slight. 

.30 

2.95 

.0020 

.0100 

.23 

.0230 

.0000 

.33 

0.6 

.0200 

27354 

June    8 

Slight. 

Slight. 

.51 

4.15 

.0066 

.0272 

.28 

.0030 

.0001 

.68 

1.1 

.0250 

28037 

Aug.   2 

V.  slight. 

V.  slight. 

.49 

4.25 

.0050 

.0306 

.32 

.0030 

.0001 

.66 

1.4 

.0300 

28897 

Oct.     4 

Decided. 

Cons. 

.26 

4.45 

.0080 

.0300 

.32 

.0030 

.0000 

.44 

1.7 

.0150 

29597 

Dec.    8 

Slight. 

V.  slight. 

.45 

5.70 

.0080 

.0264 

.32 

.0190 

.0001 

.61 

2.0 

.0350 

Av... 

.39 

4.29 

.0059 

.0226 

.29 

.0112 

.0001 

.52 

1.4 

.0238 

Odor,  faintly  vegetable,  becoming  stronger  on  heating.    A  fishy  odor  was  observed  in  the  last  two 
samples. The  samples  were  collected  from  a  faucet  in  the  gate-house. 


Microscopical  Examination  of  Water  from  the  Filter-gallery  of  the  Wayland  Water 

Works. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


Aug. 


Day  of  examination, 
Number  of  sample,  . 

PLANTS. 
Diatomacese, 

Afiterionella, 
Cyclotella,    . 
Melosira, 
Synedra, 

CyanopliycesB,  . 

Anabsena,    .        .        . 

Algae,      .       .       .     *. 

Fungi,  Crenothrix, 


3 

26116 


26676 


9 
27354 


3 
28037 


194 

16 
22 
124 
22 


430 


248 
144 


430 

4 

46 

246 

108 


121 

0 

0 

16 

100 
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Microscopical  Examination  of  Water  from  the  Filter-gallery  of  the  Wayland  Water 

Works  —  Concluded. 

[Number  of  organisms  per  cubic  centimeter.] 


April. 


Aug. 


ANIMALS. 
Bhizopoda,  Difflugia, . 

Infusoria,     . 

Ohlamydomonas, 

Dinobryon, 

Monas, 

Vermes, 

Crustacea,  Cyclops,    . 

Miscellaneous,  Zobgloea,  . 

Total, 


481 


0 
396 


25 


323 


578 


Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Wayland  Water 

Works. 

[Parts  per  100,000.] 


c 

o 

o 

a 
Q 

Appeahancb. 

Residde  on 
Evapora- 
tion. 

Ammonia. 

c 

*M 
O 

J3 

u 

.32 

.19 
.22 
.32 
.39 
.32 
.29 

Nitrogen 

AS 

a 

3 

1 

c 

61) 

1 

T3 

3 

Eh 

1 

c 

o 
o 

o 

S 
o 

2 

fa 

ALBUMINOID. 

g 

u 

a 

s 

3 

o 

to 
> 
o 

Q 

s 

,  c 

3  D. 

i 

1 

26115 
26675 
27353 
28036 
28896 
29596 

1899. 

Feb.    2 

Apr.    5 
June    8 
Aug     2 
Oct.     4 
Dec.     8 

None. 
V.  Blight. 
Slight. 
V.  Blight. 
Decided. 
Slight. 

V.  slight. 

V.  slight. 

Slight. 

Slight. 

Cons. 

Slight. 

.40 
.34 
.52 
.51 
.33 
.60 

4.50 
2.70 
3.75 
4.05 
4.75 
5.95 

1.75 
1.25 
1.70 
1.85 
1.90 
2.40 

.0014 
.0000 
.0026 
.0016 

.0088 
.0092 

.0188 
.0142 
.0334 
.0370 
.0540 
.0376 
.0325 

.0168 
.0135 
.0258 
.0314 
.0390 
.0282 

.0020 
.0007 
.0076 
.0056 
.0150 
.0094 

.0060 
.0030 
.0020 
.0010 
.0050 
.0160 

.0000 
.0000 
.0000 
.0000 
.0000 
.0001 

.47 
.38 
.72 
.69 
.56 
.70 
.69 

1.3 

0.3 
1.1 
1.6 
2.0 
2.0 

Av... 

.45 

4.28 

1.81 

.0039 

.0258 

.0067 

.0065 

.0000 

1.4 

Odor,  vegetable,  becoming  stronger  on  heating.    A  fishy  odor  was  observed  in  the  last  two  samples. 
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WAYLAND. 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Way  land 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


Aug. 


Day  of  examination, 
Number  of  sample,    . 

PLANTS. 
Diatomacese, 

Asterionella, 
Cyclotella,   . 
Melosira, 
Synedra, 
Tabellaria,  . 

Cyanophycese,  . 

Anabaena,     . 
Clathvocystis, 
Merismopoedia,   . 

Algse 

Protococcue, 

ANIMALS, 
Infusoria,     . 

Dinobryon, . 
Uroglena,  . 
Vorticella,   . 

Vermes, 
Anurea, 

Crustacea,   . 

Cyclops, 
Daphnia, 

Miscellaneous,  Zoogloea, 

Total, 


3 
26115 


6 
26675 


9 
27353 


3 

28036 


28896 


29596 


102 

32 
2 

62 
0 
2 


108 

80 


1,104 

1,056 

0 

26 

22 

0 


928 


90 
524 
244 

52 


154 
0 


144 

0 

0 

44 


22 


13 

17 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 
pr. 


1,472 

1,456 
0 
0 


pr. 
pr. 


25 


25 


2,695 


1,153 
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WEBSTER. 

Water  Supply  of  Webster. 

Chemical  Examination  of  Water  from  the  Well  of  the  Webster  Water  Works. 

[Parts  per  100,000.] 


Appeabance. 

.2 

Ammonia. 

NITKOGEN 
AS 

a 

i 

1 
1 

o 

o 

2 

S 

3 

H 

s 

a 

o 

§1 

1   1 

i 

s 

o 

a 

< 

6 

a 

'u 
o 

!a 

1 

g 

a 

O 

c 

■s 

r 

1899. 

1 

27018 

May     5 

None. 

None. 

.00 

4.00 

.0000 

.0010 

.29 

.0260 

.0000 

.01 

1.1 

.0000 

27398 

June  10 

None. 

V.  Blight. 

,00 

4.00 

.0000 

.0010 

.25 

.0140 

.0000 

.02 

1.3 

.0000 

27709 

July  10 

None. 

None. 

.00 

3.30 

.0000 

.0008 

.23 

.0080 

.0000 

.01 

1.4 

.0010 

28057 

Aug.   5 

None. 

None. 

.00 

3.60 

.0000 

.0012 

.23 

.0070 

.0000 

.02 

1.7 

.0000 

28562 

Sept.  11 

None. 

None. 

.00 

4.10 

.0000 

.0020 

.23 

.0070 

.0000 

.00 

1.0 

.0020 

28909 

Oct.     6 

None. 

V.  Blight. 

.00 

4.50 

.0000 

.0010 

.25 

.0060 

.0000 

.00 

1.3 

.0020 

29246 

Nov.    6 

None. 

None, 

.02 

3.00 

.0000 

.0008 

.20 

.0100 

.0000 

.01 

1.0 

.0020 

Av... 

.00 

3.79 

.0000 

.0011 

.24 

.0111 

.0000 

.01 

1.3 

.0010 

Odor,  none. 


Water  Supply  of  Wellesley. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Wellesley 
relative  to  the  water  supply  of  that  town  may  be  found  on  pages  49 
and  50  of  this  volume. 


Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Wellesley  Water 

Works. 

[Parts  per  100,000.] 


c 

Appeabance. 

D 

Ammonia. 

Nitrogen 

-d 

« 

as 

a 

=3 

>. 

^ 

o% 

■a 

c 

i 

u 

a 

T 

is 
s 

1 

o 

3  > 

6 

c 

c 

r, 

o 

S 

T. 

1 

a 

•z. 

o 

DO 

O 

a 

Eq 

■< 

O 

"A 

'A 

O 

» 

a 

1899. 

28384 

Aug.  28 

None. 

None. 

.00 

7.10 

.0010 

.0022 

.56 

.0800 

.0000 

.04 

2.9 

.0010 

Odor,  none. 
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WBIiliESLiEY. 

Chemical  Examination  of  Water  from  the    Well  of  the  Wellesley  Water  Works  at 

Williams  Spring. 

[Parts  per  100,000.] 


S 
"3 

a 

Appearance. 

c 
.2 

<U   OS 

2W 

Ammonia. 

c 
o 

Nitrogen 

AS 

a 

3 

c 
o 

1 

c 

a 

s 
'A 

H 

3 

c 
i 

o 
o 
O 

o 

c 

< 

1 

5 

2 

i 

26036 

1899. 

Jan.   25 

None. 

V.  slight. 

.00 

10.50 

.0014 

.0012 

.87 

.5400 

.0000 

.01 

4.2 

.0010 

26600 

Mar.  29 

None. 

None. 

.00 

9.30 

.0018 

.0008 

.80 

.4800 

.0000 

.02 

3.4 

.0000 

27290 

May  31 

None. 

None. 

.00 

8.50 

.0010 

.0010 

.69 

.3400 

.0000 

.01 

2.7 

.0020 

27894 

July  26 

None. 

None. 

.00 

8.80 

.0032 

.0018 

.73 

.9000 

.0000 

.02 

2.9 

.0030 

28442 

Aug.  31 

None. 

None. 

.02 

10.50 

.0000 

.0010 

.73 

.4200 

.0000 

.02 

3.1 

.0010 

28443 

Sept.    1 

None. 

V.  slight. 

.00 

10.90 

.0000 

.0010 

.73 

.3800 

.0000 

.03 

3.3 

.0030 

28766 

Sept.  27 

None. 

V.  slight. 

.07 

7.80 

.0012 

.0044 

.64 

.2500 

.0001 

.02 

3.0 

.0000 

29528 

Nov.  29 

None. 

None. 

.00 

10.00 

.0006 

.0012 

.80 

.4300 

.0000 

.01 

3.0 

.0020 

Av.*. 

.01 

9.56 

.0012 

.0014 

.76 

.4893 

.0000 

.02 

3.2 

.0015 

Odor,  none.    A  faintly  cucumber  odor  was  developed  in  No.  27290  on  heating. 

*  Where  more  than  one  sample  was  collected  In  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 


Chemical  Examination  of  Water  from  the  Driven  Wells  of  the  Wellesley  Water 

Works. 

[Parts  per  100,000.] 


c 
o 

"S 
o 

1 

o 

Appearance. 

3 

a  OS 
3  > 

Ammonia. 

u 
o 

o 

Nitrogen 

AS 

•6 

a 

c 

o 

1 
1 

1 

1 

3 
Eh 

I 

•5 

O 

i 

En 

2 
o 

a 

ia 

2 
2 

2 

c 
2 

1899. 

26038 

Jan.  25 

None. 

V.  slight. 

.00 

7.10 

.0000 

.0008 

.54 

.0900 

.0000 

.01 

3.0 

.0010 

26601 

Mar.  29 

None. 

V.  slight. 

.00 

7.00 

.0000 

.0004 

.55 

.1260 

.0000 

.02 

2.7 

.0020 

'27289 

May  31 

None. 

None. 

.00 

7.50 

.0004 

.0008 

.55 

.1200 

.0000 

.02 

2.6 

.0020 

27895 

July  26 

None. 

V.  slight. 

.00 

7.30 

.0008 

.0028 

.55 

.1200 

.0000 

.03 

2.5 

.0040 

28768 

Sept.  27 

None. 

None. 

.00 

6.00 

.0026 

.0022 

.57 

.0990 

.0002 

.03 

3.0 

.0020 

29530 

Nov.  29 

None. 

None. 

.01 

6.60 

.0004 

.0020 

.57 

.0220 

.0000 

.01 

2.7 

.0020 

Av... 

.00 

6.92 

.0007 

.0015 

.55 

.0962 

.0000 

.02 

2.7 

.0022 

Odor,  none. 
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WELIiESIiEX. 

Chemical  Examination  of  Water  from  the  Covered  Reservoir  of  the  Wellesley  Water 

Works. 

[Parts  per  100,000.] 


S 

'■+3 

Appearance. 

s 

ll 

Ammonia. 

Nitrogen 

AS 

i 

bo 

o 

■3 

IS 

.Q 
'A 

is 

3 
s 

1 

o 
o 
O 

6 

l5 

2 
o 

c 

< 

5 

a 
1 

1899. 

26037 

Jan.  25 

None. 

None. 

.00 

6.50 

.0014 

.0042 

.56 

.0840 

.0000 

.01 

3.1 

.0010 

26603 

Mar.  29 

None. 

V.  slight. 

.00 

6.20 

.0000 

.0056 

.58 

.1100 

.0000 

.03 

2.7 

.0020 

27288 

May  31 

None. 

None. 

.00 

7.00 

.0006 

.0024 

.56 

.1240 

.0000 

.02 

2.6 

.0020 

27893 

July  26 

None. 

V.  slight. 

.00 

7.80 

.0026 

.0062 

.57 

.1100 

.0000 

.03 

2.6 

.0050 

28767 

Sept.  27 

None. 

V.  slight. 

.01 

6.50 

.0010 

.0078 

.57 

.0780 

.0000 

.02 

3.0 

.0010 

29529 

Nov.  29 

None. 

V.  slight. 

.00 

7.10 

.0006 

.0066 

.60 

.0600 

.0000 

.02 

3.0 

.0020 

Av... 

.00 

6.85 

.0010 

.0055 

.57 

.0943 

.0000 

.02 

2.8 

.0022 

Odor,  none. 


Water  Supply  of  Westborough. 

Chemical  Examination  of  Water  from  a  Faucet  supplied  from  the  Westborough 

Water  Works. 

[Parts  per  100,000.] 


o 
:S 

o 
O 

o 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

o 
Q 

Nitrogen 

AS 

■d 

a 

3 

c 
o 

o 

c 

S) 
>> 

o 

•5 

c 

a 

03 

o 
o 
O 

"3 

o 
H 

1 

fa 

albuminoid. 

S 

1 

a 

3 
'A 

73 
1 

> 

i 

(3 

■d 

•a 
,  c 

03 

a 

1S99. 

26265 

Feb.  20 

V.  slight. 

None. 

.01 

3.50 

1.30 

.0000 

.0032 

.0028 

.0004 

.20 

.0000 

.0000 

.08 

1.3 

27227 

May  24 

None. 

V.  slight. 

.01 

3.00 

0.75 

.0004 

.0072 

.0056 

.0016 

.19 

.0010 

.0000 

.13 

0.8 

28364 

Aug.  25 

None. 

None. 

.01 

3.55 

0.85 

.0002 

.0048 

.0048 

.0000 

.19 

.0040 

.0000 

.10 

1.1 

29480 

Nov.  23 

V.  slight. 

V.  slight. 

.05 

3.25 

0.70 

.0060 

.0100 

.0096 

.0004 

.22 
.20 

.0070 
.0030 

.0000 

.10 
.10 

1.7 

Av... 

.02 

3.32 

0.90 

.0016 

.0063 

.0057 

.0006 

.0000 

1.2 



Odor,  none. 
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west  borough  insane  hospital,. 

Water  Supply  of  Westborough  Insane  Hospital,  West- 
borough. 

Chemical  Examination  of  Water  from,  the  Westborough  Insane  Hospital, 

[Parts  per  100,000.] 


Appeakancb. 

n 

Ammonia. 

Nitrogen 

'O 

a 

1 

3 

o 

-a 
3 

a 

.1 

■3 

6 

■a 
o 

a 

c 
o 

1 

i 

r 

OS 

i 

!zi 

Q 

B 

02 

O 

M 

^ 

< 

O 

iz; 

2 

o 

W 

a 

1899. 

26936 

Apr.  25 

Decided, 
milky 

Slight, 

.20 

12.00 

.1000 

.0055 

.35 

.0020 

.0002 

.09 

6.4 

.1200 

27610 

Juoe  27 

Decided, 
milky. 

Slight. 

.45 

12.30 

.1312 

.0048 

.38 

.0000 

.0000 

.10 

6.0 

.1100 

28584 

Sept.  12 

Decided. 

Cons. 

.29 

5.15 

.0092 

.0480 

.41 

.0010 

.0000 

.43 

l.l 

.0750 

29150 

Oct.   25 

Decided. 

Cons. 

.25 

5.00 

.0098 

.0460 

.41 

.0030 

.0001 

.42 

1.4 

.0200 

29811 

Dec.  27 

Decided. 

Cons. 

.20 

13.50 

.1136 

.0068 

.38 

.0020 

.0001 

.21 

6.4 

.4100 

Odor  of  the  first  two  samples,  none ;  of  the  third  and  fourth,  unpleasant;  of  the  last,  none,  becoming 

faintly  unpleasant  and  oily  on  heating. The  samples  were  collected  from  a  tap  at  the  pumping  station. 

The  first  two  and  last  samples  represent  water  from  the  tubular  wells;  the  others,  water  from  Chauncy 
Pond. 


Water  Supply  of  Westfield. 

Chemical  Examination  of  Water  jrom  the  Storage  Reservoir  of  the  Westfield  Water 

Works. 

[Parts  per  100,000.] 


a 
o 

ts 

o 

o 

% 
Q 

Appearance. 

Residce  on 
Evapora- 
tion. 

Ammonia. 

1 
.12 

Nitrogen 

AS 

i 

3 

1 
1 

o 

B 

3 

1 

o 
o 
O 

3 

c 

§1 
1 

<0 

albuminoid. 

1 

"E 
g 

-   a 

"5 

13 
> 
O 

s 

-a 
,  c 

3  ft 

1 

a 
•a 

m 

26308 

1899. 

Feb.  21 

V.  slight. 

Slight. 

.29 

2.45 

1.00 

.0006 

.0086 

.0070 

.0016 

.0020 

.0001 

0.42 

0.3 

27308 

June    1 

Slight. 

Slight. 

.34 

1.65 

1.05 

.0002 

.0186 

.0164 

.0022 

.09 

.0020 

.0000 

0.48 

0.2 

28271 

Aug.  17 

Slight. 

Cons. 

.51 

2.45 

1.45 

.0050 

.0360 

.0274 

.0086 

.08 

.0020 

.0000 

O.tiS 

0.5 

29406 

Nov.  15 

Decided. 

Cons. 

.90 

4.00 

2.20 

.0036 

.0416 
.0262 

.0322 
.0207 

.0094 
.0055 

.19 

.12 

.0030 

.0000 

1.02 
0.65 

0.5 

Av... 

.51 

2.64 

1.42 

.0023 

.0022 

.0000 

0.4 

Odor  of  the  first  two  samples,  none,  becoming  faintly  vegetable  on  heating;  of  the  third,  distinctly 
vegetable;  of  the  last,  distinctly  unpleasant. 
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1VESTPIEL.D. 

Chemical  Examination  of  Water  from  Tillollson  Brook,  in  Oranville. 

[Parts  per  100,000.] 


i 
1 

o 
O 

o 
« 

Appearance. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

3 

s 

Nitrogen 

AS 

13 

1 

3 

s 
o 

3 

so 
>% 

X 

o 

•3 

a 

1 
■3 

o 
o 

"3 

s 
o 

°3> 

2 

Em 

albuminoid. 

g 

g 

c 

a 

3 

o 

•a 

O 
S 

■d 

•a 
1   c 

3  a 
00 

1 

1899. 

25894 

Jan.     9 

None. 

V.  slight. 

.07 

2.30 

0.60 

.0004 

.0034 

.0034 

.0000 

.10 

.0020 

.0000 

.12 

0.5 

26307 

Feb.  21 

None. 

Slight. 

.08 

2.40 

0.75 

.0000 

.0036 

.0028 

.0008 

.12 

.0030 

.0002 

.14 

0.5 

27307 

June    1 

V.  slight. 

V.  Blight. 

.10 

2.50 

0.75 

.0012 

.0072 

.0062 

.0010 

.13 

.0050 

.0000 

.19 

0.5 

28270 

Aug.  17 

None. 

V.  slight. 

.06 

3.35 

1.00 

.0014 

.0036 

.0032 

.0004 

.12 

.0050 

.0000 

.11 

0.5 

29403 

Nov.  14 

None. 

V.  slight. 

.12 

3.05 

0.75 

.0006 

.0064 

.0062 

.0002 

.13 
.12 

.0060 
.0042 

.0000 

.24 
.16 

0.5 

Av... 

.09 

2.72 

0.77 

.0007 

.0048 

.0043 

.0005 

.0000 

0  5 

Odor,  faintly  vegetable  or  none. 

Water  Supply  of  Weston.  —  Weston  Aqueduct  Company. 

Chemical  Exatnination  of  Water  from,  the  Well  of  the  Westoti  Aqueduct  Company. 

[Parts  per  100,000.] 


3 

o 
a) 
Q 

Appearance. 

c 
o 

Ammonia. 

i 

.3 
O 

Nitrogen 
as 

-a 

1 

3 
3 

3 

g 

a 

3 

2 
3 

3 

H 

a 

00 

o 
O 

u 

2 
o 

c 

< 

1 

o 

1899. 

27400 

June  12 

None. 

None. 

.07 

5.50 

.0000 

.0014 

.37 

.0480 

.0000 

.02 

2.3 

.0010 

27764 

July  13 

V.  Blight. 

Slight. 

.03 

6.20 

.0000 

.0074 

.38 

.0400 

.0000 

.04 

2.5 

.0330 

28099 

Aug.    8 

None. 

None. 

.02 

6.00 

.0006 

.0014 

.38 

.0430 

.0000 

.02 

2.2 

.0010 

28583 

Sept.  12 

None. 

V.  slight. 

.00 

5.50 

.0000 

.0016 

.46 

.0280 

.0000 

.04 

2.2 

.0020 

29004 

Oct    11 

None. 

None. 

.01 

6.20 

.0000 

.0014 

.53 

.0360 

.0000 

.03 

2.6 

.0020 

Av... 

.03 

5.88 

.0001 

.0026 

.42 

.0390 

.0000 

.03 

2.4 

.0078 

Odor  of  the  first  two  samples,  distinctly  vegetable  and  unpleasant;  of  the  others,  none. 


Water  Supply  of  West  Springfield. 

The  advice  of  the  State  Board  of  Health  to  the  water  commis- 
sioners of  West  Springfield  relative  to  a  proposed  additional  water 
supply  for  that  town  may  be  found  on  pages  51  to  56  of  this 
volume. 
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WEST  SPRnSTGFIEIiD. 

Chemical  Examination  of  Water  from  a  Faucet  supplied  from  Darby  Brook 

Reservoir. 

[Parts  per  100,000.] 


_5 

1 

o 
O 

o 

a 

Appearance. 

Rbsidde  on 
Evapora- 
tion. 

Ammonia. 

3 

.10 
.21 
.20 
.17 

Nitrogen 

AS 

•a 
1 

3 
C 

o 

O 

c 

0) 

O 

3 

a 

EH 

1 

a 

CO 

O 
o 
O 

H 

o 

El 

.2 

o 

1.^ 

ALBCUINOID. 

1 

JJ 

T3 

% 

c 

a 

"3 
o 

EH 

■a 

> 

1 

•d 

■a 
,  c 

S  p. 

1 

a 

26516 
28244 
29277 

1899. 

Mar.  15 

Aug.  16 
Nov.    6 

Slight. 

Decided. 

Slight. 

Slight. 

Cons. 

Slight. 

.11 
.10 
.29 

4.60 
5.35 
6.00 

1.15 

2.00 
1.80 

.0010 
.0016 
.0034 

.0116 
.0352 
.0190 

.0052 
.0202 
.0148 

.0064 
.0150 
.0042 

.0070 
.0020 
.0060 

.0001 
.0000 
.0001 

.18 
.27 
.39 
.28 

2.1 
2.3 
2.9 

Av... 

.17 

5.32 

1.65 

.0020 

.0219 

.0134 

.0085 

.0050 

.0001 

2.4 

Odor,  distinctly  unpleasant  or  disagreeable. 


Microscopical  Examination  of  Water  from  a  Faucet  supplied  from  Darby  Brook 

Reservoir. 

[Number  of  organisms  per  cubic  centimeter.] 


Aug. 


Day  of  examination,     .... 
Number  of  sample,       .... 

PLANTS. 
Diatomacese 

Synedra 

Cyanophycese,      .... 
Anaba^na 

Algse 

ANIMALS 

Infusoria 

Ciliated  infusorian, 

Peridinium, 

Vermes 

Crustacea,  Cyclops, 

Miscellaneous,  Zoogloea, 

Total 


17 
26516 


18 

28244 


44 

2,208 

26 

2,200 

0 

600 

0 

600 

40 


166 


40 
118 


370 


12 
344 


120 


20 


3,245 
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TTEST  SPRINGFIELD. 

Chemical  Examination  of  Water  from  the  Receiving  Well  of  the  West  Springfield 

Water  Works. 

[Parts  per  100,000.] 


;tion. 

Appearance. 

c 
o 

Ammonia. 

Nitrogen 

AS 

•d 

s 

i 

s 

o 

is 

s 

c 
.1 

o 

o 
O 

.2  > 
1 

o 
c 

la 
< 

aj 

c 

o 
2 
o 

2 

1 

bo 

5 

c 
■a 

03 

a 

c 
2 

1899. 

26517 

Mar.  15 

V.  slight. 

V.  slight. 

.00 

6.00 

.0000 

.0010 

.36 

.2350 

.0000 

.02 

2.9 

.0040 

28245 

Aug.  16 

None.         None. 

.00 

6.50 

.0000 

.0004 

.46 

.1600 

.0000 

.02 

2.5 

.0010 

29276 

Nov.    6 

None. 

None. 

.03 

7.90 

.0002 

.0012 

.60 

.1800 

.0000 

.01 

2.7 

.0010 

Av... 

.01 

6.80 

.0001 

.0009 

.47 

.1917 

.0000 

.02 

2.7 

.0020 

Odor,  none. 

Chemical  Examination  of  Water  from  Various  Sources  in  West  Springfield. 


[Parts  per  100,000.] 


B 

_o 

O 

U 

o 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
•c 

o 

Nitrogen 

AS 

■a 
1 

3 

S 
o 

1 

S 
B 

s 

c 
o 

albuminoid. 

1 

1 

1 

•a 
> 
o 

•d 

■a 
1  s 

m 

a 
V, 

3 

'A 

s 
H 

•o 

6 

o 
Eh 

3 

o 

5 

CO 

6 

s 

g 

k 

1899. 

26092 

Jan.  30 

Slight. 

Cons. 

.09 

6.90 

1.70 

.0018 

.0098 

.0054 

.0044 

.21 

.0650 

.0001 

.14 

3.b 

26093 

Jan.   30 

V.  slight. 

Slight. 

.11 

7.30 

1.90 

.0014 

.0086 

.0062 

.0024 

.19 

.0390 

.0003 

.17 

4.0 

26094 

Jan.   30 

Slight. 

V.  slight. 

.11 

7.60 

2.20 

.0020 

.0100 

.0078 

.0022 

.26 

.0570 

.0002 

.23 

3.9 

26095 

Jan.  30 

V.  slight. 

Slight. 

.15 

6.75 

1.75 

.0016 

.0256 

.0198 

.0058 

.14 

.0070 

.0000 

.29 

3.9 

26096 

Jan.  30 

V.  slight. 

Slight. 

.05 

4.25 

0.95 

.0014 

.0120 

.0094 

.0026 

.13 

.0120 

.0000 

.12 

2.0 

26097 

Jan.  30 

V.  slight. 

Slight. 

.02 

9.75 

1.10 

.0000 

.0012 

.0006 

.0006 

.14 

.0020 

.0000 

.04 

7.'; 

Odor,  none.    A  very  faintly  vegetable  odor  was  developed  in  the  third  and  fourth  samples  on 

heating. The  first  sample  was  collected  from  Bagg  Brook;  the  second,  from  Block  Brook  a  short 

distance  north  of  the  Westfield  road;  the  third,  from  Block  Brook  1,200  feet  south  of  the  Westfield 
road;  the  fourth,  from  the  north  branch  of  Hyde  Brook;  the  fifth,  from  the  south  branch  of  Hyde 
Brook;  and  the  last,  from  Pepper  Brook, 


Water  Supply  of  Weymouth. 
Chemical  Examination  of  Water  from  Great  Pond,  in  Weymouth. 

[Parts  per  100,000.] 


o 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

1           AS 

•d 

a 

3 

o 

o 
.2 

1 

s 

a 

§ 

■■5 

o 

"3 

S3 
o 

§1 

(13  KH 

a! 

albuminoid. 

c 

v. 

0 

2 

OD 

1 

c 
0 

0 

g 

a 

3 

■3 

1 

•6 
•0 

3  P- 

a 
■H 

OS 

^21 

3 

H 

w 

o 

E-i 

I-] 

^ 

B 

a 

tB 

0 

s 

0 

K 

1899. 

26074 

Jan.  31 

V.  slight. 

V.  slight. 

1.02 

4.40 

2.40 

.0004 

.0220 

.0204 

.0016 

.60 

.0020 

.0000 

1.19 

0.6 

26935 

Apr.  26 

V.  slight. 

V.  slight. 

0.90 

3.00 

1.50 

.0010 

.0166 

.0164 

.0002 

.47 

.0030 

.0001 

0.86 

0.3 

27891 

July  26 

Slight. 

Cons. 

0.53 

3.70 

1.60 

.0000 

.0090 

.0080 

.0010 

.57 

.0030 

.0000 

0.54 

0.8 

29164 

Oct.   26 

Decided. 

V.  slight. 

0.50 

3.50 

1.50 

.0018 

.0242 

.0216 

.0026 

.50 
.53 

.0020 

.0000 

0.68 
0.79 

0.5 

Av... 

0.74 

3.65 

1.75 

.0008 

.0179 

.0166 

.0013 

.0025 

.0000 

0.5 

Odor  of  the  first  two  samples,  faintly  vegetable;  of  the  others,  faintly  unpleasant. 
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WIIiMINGTON. 

Wilmington. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  Wilming- 
ton relative  to  the  quality  of  the  water  used  for  drinking  purposes 
at  a  certain  school-house  in  that  town  may  be  found  on  page  56  of 
this  volume. 

Chemical  Examination  of  Water  from  a  Well  in  Wilmington. 

[Parts  per  100,000.] 


Appearance. 

s 

Ammonia. 

Nitrogen 

•a 

5 

S 

ci 

. 

1 

3 

s 

a 

o 

S° 

2 

."2 
'3 

a 

S 

•s 

c 
•a 

i 

!z; 

Q 

H 

oo 

'-' 

a 

f« 

-< 

o 

g 

^ 

o 

K 

1899. 

28713 

Sept.  22 

Slight. 

V.  slight. 

.06 

6.40 

.0064 

.0106 

.94 

.0220 

.0018 

.11 

1.8 

.0120 

Odor,  very  disagreeable,  becoming  offensive  on  heating. 


Water  Supply  of  V/^inchendon. 

Chemical  Exami^iation  oj  Water  from  the  Well  of  the  Winchendon  Water  Works. 

[Parts  per  100,000.] 


1 

o 

Appearance. 

c 
o 

S 

«  OS 
3  > 

1 

Ammonia. 

o 

Nitrogen 

AS 

■a 
1 

S 

a 

>, 

o 

a 

•s 

03 

a 

i 

2 
S 

u 
3 

a 

(O 

a 

to 

o 
o 
O 

1 

2 
o 

is 

< 

o 

rt 
u 

S 

5 
^ 

a 

I 

27152 

1899. 

May   18 

None. 

V.  slight. 

.02 

2.50 

.0000 

.0010 

.10 

.0100 

.0000 

.03 

0.8 

.0060 

27581 

June  26 

None. 

None. 

.06 

3.70 

.0008 

.0030 

.10 

.0060 

.0000 

.06 

0.8 

.0180 

27871 

July  24 

V.  slight. 

None. 

.02 

3.80 

.0000 

.0014 

.11 

.0020 

.0000 

.01 

0.8 

.0070 

28358 
28729 

Aug.  24 
Sept.  25 

Slight, 

milky. 
None. 

None. 
None. 

.05 
.02 

2.40 
3.00 

.0000 
.0000 

.0008 
.0012 

.10 

.09 

.0020 
.0030 

.0000 
.GOOD 

.02 
.05 

0.8 
1.1 

.0250 
.0020 

29149 

Oct.   25 

V.  slight. 

None. 

.04 

3.60 

.0000 

.0006 

.10 

.0060 

.0000 

.10 

0.6 

.0100 

Av... 

.03 

3.17 

.0001 

.0013 

.10 

.0048 

.0000 

.04 

0.8 

.0113 

Odor,  none. 
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WINCHESTER. 


Water  Supply  of  Winchester. 


Chemical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 

Water  Works. 

[Parts  per  100,000.] 


1 

6 

o 
Q 

Appeabance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

3 

J_ 

NiTBOGKN 
AS 

a 

a 

8 

a 

S) 
o 

1    ■ 

1 

3 

o 
El 

1 

o 

►J 

albuminoid. 

s 

u 

u 

a 

3 

c 

1 
•3 

05 

3 

■o 

> 
o 

5 

-a 

3  P. 

a 

1899. 

25852 

Jan.  5 

Slight. 

V.  slight. 

.09 

4.40 

1.60 

.0028 

.0208 

.0172 

.0036 

.44 

.0070 

.0002 

.28 

2.0 

26120 

Feb.  3 

V.  slight. 

V.  slight. 

.10 

5.10 

1.85 

.0008 

.0214 

.0174 

.0040 

.61 

.0100 

.0001 

.31 

2.3 

26373 

Mar.  1 

V.  slight. 

V.  slight. 

.03 

2.25 

0.85 

.0058 

.0110 

.0084 

.0026 

.22 

.0050 

.0001 

.14 

0.8 

26655 

Apr.  4 

Slight. 

Slight. 

.07 

4.45 

1.30 

.0032 

.0178 

.0166 

.0012 

.42 

.0080 

.0003 

.23 

1.8 

27004 

May  3 

Slight. 

Slight. 

.10 

5.25 

1.35 

.0018 

.0252 

.0230 

.0022 

.46 

.0050 

.0003 

.26 

2.2 

27324 

June  6 

V.  slight. 

V.  slight. 

.10 

5.10 

1.85 

.0010 

.0240 

.0212 

.0028 

.53 

.0030 

.0000 

.32 

2.0 

27711 

July  11 

V.  slight. 

V.  slight. 

.04 

5.25 

1.30 

.0002 

.0216 

.0194 

.0022 

.47 

.0030 

.0000 

.24 

2.5 

27944 

Aug.  1 

V.  slight. 

V.  slight. 

.06 

5.70 

1.60 

.0004 

.0218 

.0180 

.0038 

.58 

.0010 

.0000 

.32 

2.5 

28470 

Sept.  5 

V.  slight. 

Slight. 

.08 

5.60 

1.90 

.0002 

.0260 

.0238 

.0022 

.48 

.0050 

.0000 

.28 

2.3 

28868 

Oct.  3 

Slight. 

Cons. 

.06 

5.10 

1.35 

.0010 

.0272 

.0216 

.0056 

.58 

.0010 

.0000 

.30 

2.3 

29204 

Nov.  1 

V.  slight. 

Slight. 

.06 

5.15 

1.25 

.0038 

.0246 

.0206 

.0040 

.60 

.0050 

.0000 

.26 

2.2 

29558 

Dec.  4 

V.  slight. 

V.  slight. 

.12 

5.15 

1.35 

.0016 

.0218 

.0192 

.0026 

.59 

.0010 

.0000 

.24 

2.2 

Averages  by  Years. 


1888 

- 

- 

.15 

4.93 

1.24 

.0045 

.0273 

- 

- 

.47 

.0131 

.0003 

- 

1889 

- 

- 

.14 

4.52 

1.18 

.0022 

.0222 

.0175 

.0047 

.47 

.0105 

.0003 

- 

1890 

- 

- 

.09 

5.30 

1.31 

.0017 

.0201 

.0160 

.0041 

.52 

.0153 

.0002 

- 

1891 

- 

- 

.10 

4.94 

1.39 

.0034 

.0222 

.0169 

.0053 

.51 

.0152 

.0001 

- 

1892 

- 

- 

.06 

5.23 

1.59 

.0058 

.0217 

.0177 

.0040 

.60 

.0192 

.0002 

- 

1893 

- 

- 

.07 

5.13 

1.62 

.0055 

.0252 

.0172 

.0080 

.59 

.0127 

.0002 

.27 

1894 

- 

- 

.09 

5.85 

1.86 

.0017 

.0198 

.0160 

.0038 

.82 

.0076 

.0001 

.25 

1895 

- 

- 

.11 

6.50 

2.05 

.0024 

.0203 

.0169 

.0034 

.91 

.0183 

.0002 

.29 

1896 

- 

- 

.12 

6.32 

1.94 

.0022 

.0242 

.0184 

.0058 

.85 

.0116 

.0001 

.32 

1897 

- 

- 

.10 

6.70 

1.88 

.0048 

.0256 

.0225 

.0031 

.79 

.0121 

.0001 

.31 

1898 

- 

- 

.11 

5.79 

1.87 

.0038 

.0228 

.0191 

.0037. 

.65 

.0068 

.0001 

.29 

1899 

- 

- 

.08 

4.87 

1.46 

.0019 

.0219 

.0189 

.0030 

.50 

.0045 

.0001 

.26 

Note  to  analyses  of  1899 :  Odor,  generally  vegetable,  becoming  stronger  and  occasionally  fishy  or 
unpleasant  on  beating. 
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WINCHESTER. 

Microscopical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 

Water  Works. 

[Number  of  organismB  per  cubic  centimeter.] 


1S99. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination 

6 

3 

2 

5 

4 

6 

12 

2 

6 

4 

1 

5 

Number  of  sample,    .... 

25852 

26120 

26373 

26655 

27004 

27324 

27711 

27944 

28470 

28868 

29204 

29558 

PLANTS. 

DiatomacesB 

72 

0 

0 

68 

193 

176 

3 

21 

14 

558 

450 

183 

Asterionella,         .... 

Cyclotella 

Synedra, 

52 
10 
10 

0 
0 
0 

0 
0 
0 

8 

46 

8 

26 
78 
55 

0 
168 

4 

0 
0 
0 

0 
3 

4 

0 
10 
0 

436 

96 

0 

376 

44 

6 

155 
16 
4 

Cyanophycees 

0 

30 

2 

0 

2 

14 

0 

48 

15 

60 

4 

1 

Anabsena, 

Ccelosphferium 

Microcystis,          .... 

0 
0 
0 

2 

28 

0 

0 

2 
0 

0 
0 
0 

0 
2 
0 

0 
4 
6 

0 
0 
0 

4 

4 
36 

0 

1 

14 

36 

6 

18 

0 
4 
0 

0 
1 
0 

Algse 

10 

0 

0 

2 

0 

127 

46 

26 

32 

24 

57 

6 

Protococcus,         .... 

0 

0 

0 

0 

0 

96 

46 

10 

26 

0 

52 

5 

ANIMALS. 

Infusoria, 

0 

3,408 

0 

9 

5 

36 

11 

6 

46 

131 

14 

25 

Dinobryon 

Euglena  acus,       .... 

Peridiniura, 

Synura 

TrachelomonaB,   .... 

0 
0 
0 
0 
0 

2,836 

42 

444 

66 

14 

0 
0 
0 
0 
0 

4 
0 
0 
0 
2 

0 
0 
5 
0 
0 

30 
0 
0 
0 
0 

0 
0 

1 

0 
5 

0 
0 
2 
0 
0 

12 
0 

18 
0 

10 

104 
0 
0 
0 
20 

6 
0 
0 
0 
6 

20 
0 
0 
0 
2 

Vermes 

0 

6 

0 

0 

6 

3 

0 

0 

0 

2 

0 

0 

Crustacea,  Cyclops,    . 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

0 

pr. 

Miscellaneous,  Zobglcea,    . 

5 

0 

0 

10 

10 

7 

3 

10 

5 

15 

10 

3 

Total 

87 

3,444 

2 

89 

216 

363 

63 

111 

112 

790 

535 

218 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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WIXCHESTEK. 

Chemical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester  Water 

Works. 

[Parts  per  100,000.] 


Residue  on 



B 

Appeakance. 

Evapora- 

Ammonia. 

Nitrogen 

'2 

1 

tion. 

V 

6 

>> 

^ 

a 
o 

ALBUJIINOID. 

■6 

•6 

S 

a 

O 
01 

•a 
S 

a 

y 

o 

'^  bo 

03 

n 

> 

•a 

■n 

1 

+^ 

Si 

■3 

S5 

0 

H 

cc 

o 

H 

ij 

P4 

H 

a 

05 

u 

'•g\ 

•A 

o 

a  . 

1899. 

25853 

Jan.  5 

Slight. 

V.  slight. 

.11 

3.15 

1.50 

.0094 

.0274 

.0252 

.0022 

.29 

.0010 

.0001 

.29 

1.4 

26121 

Feb.  3 

V.  Blight. 

Slight. 

.13 

3.30 

1.20 

.0056 

.0194 

.0140 

.0054 

.26 

.0030 

.0001 

.26 

1.3 

26374 

Mar.  1 

Slight. 

Slight. 

.11 

2.85 

1.25 

.0108 

.0276 

.0246 

.0030 

.24 

.0020 

.0001 

.21 

0.8 

26656 

Apr.  4 

Slight. 

Oons. 

.22 

3.55 

1.65 

.0002 

.0348 

.0248 

.0100 

.24 

.0020 

.0000 

.38 

0.8 

27005 

May  3 

V.  slight. 

V.  Blight. 

.08 

3.15 

1.20 

.0010 

.0240 

.0160 

.0080 

.27 

.0010 

.0001 

.28 

1.0 

27825 

June  6 

V.  Blight. 

V.  slight. 

.05 

3.10 

1.45 

.0010 

.0181 

.0160 

.0021 

.29 

.0020 

.0000 

.30 

1.3 

27712 

July  11 

Slight. 

Slight. 

.06 

3.30 

1.45 

.0002 

.0240 

.0227 

.0013 

.27 

.0020 

.0000 

.24 

1.7 

27945 

Aug.  1 

V.  Blight. 

V.  Blight. 

.05 

4.10 

1.75 

.0000 

.0228 

.0196 

.0032 

.33 

.0010 

.0000 

.32 

1.3 

28471 

Sept.  5 

V.  slight. 

V.  Blight. 

.09 

4.25 

1.80 

.0010 

.0248 

.0214 

.0034 

.29 

.0020 

.0000 

.36 

1.0 

28866 

Oct.  3 

Slight. 

Slight. 

.07 

3.40 

1.45 

.0028 

.0294 

.0256 

.0038 

.29 

.0010 

.0001 

.32 

1.3 

29205 

Nov.  1 

Slight. 

Cons. 

.19 

3.45 

1.20 

.0076 

.0314 

.0262 

.0052 

.37 

.0030 

.0001 

.34 

1.4 

29559 

Dec.  4 

Slight. 

Slight. 

.22 

3.30 

1.30 

.0204 

.0246 

.0228 

.0018 

.29 

.0010 

.0000 

.32 

1.3 

Averages  by  Years. 


1892 

- 

- 

.51 

5.17 

2.04 

.0055 

.0392 

.0318 

.0074 

.38 

.0118 

.0002 

- 

1893 

- 

- 

.34 

4.78 

1.86 

.0064 

.0291 

.0216 

.0075 

.36 

.0093 

.0002 

.49 

1894 

- 

- 

.18 

4.56 

1.76 

.0049 

.0267 

.0232 

.0035 

.41 

.0024 

.0001 

.45 

1895 

- 

- 

.18 

4.44 

1.77 

.0039 

.0261 

.0226 

.0035 

.41 

.0070 

.0001 

.41 

1896 

- 

- 

.18 

4.22 

1.75 

.0040 

.0326 

.0256 

.0070 

.37 

.0036 

.0000 

.43 

1897 

- 

- 

.15 

3.82 

1.56 

.0061 

.0282 

.0230 

.0052 

.39 

.0085 

.0001 

.35 

1898 

- 

- 

.17 

3.87 

1.64 

.0047 

.0254 

.0221 

.0033 

.40 

.0026 

.0000 

.31 

1899 

- 

- 

.11 

3.41 

1.43 

.0050 

.0257 

.0216 

.0041 

.29 

.0017 

.0000 

.30 

2.2 
2.1 
1.9 
1.9 
1.6 
1.4 
1.6 
1.2 


Note  to  analyses  of  1899 :  Odor,  generally  faintly  vegetable,  becoming  stronger  and  occasionally 
unpleasant  or  fishy  on  heating. 
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WINCHESTER. 

Microscojncal  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.    Feb.    Mar.  Apr.   May.  June.   July.  Aug.  Sept.  Oct.    Nov.  Dec, 


Day  of  examination,  . 
Number  of  sample,    . 


3 

26121 


2    5  14 
26374  26656  27005 


12 

27712 


2 
27945 


28471 


1 
29205 


5 
29559 


PLANTS. 
Diatomaceee, 

Aslerionella,         .        . 
Cyclotella,    . 
Synedra, 
Tabellaria,    . 

CyanophycesB,   . 

Anabaena, 
Microcystis, . 

AlgSB,        .... 

Protococcus, 
Raphidium,  . 

ANIMALS. 
Bhizopoda,  Actinophrys 

Infusoria, 

Cryptomonas, 
Dinobryon,  . 
Monas,  .... 
Peridinium,  . 
Trachelomonas,   , 
Uroglena, 

Vermes,  .... 

Crustacea,    . 

Bosmina, 
Cyclops, 

Miscellaneous,  Zoogloea,    . 

Total,  .... 


132 


283 


280 
0 


38 


82 


640 


44 


120 


20 


156 

138 

17 

1 

0 


35 


0 

521 

0 
506 
0 
1 
0 
0 


0 

272 

100 

0 

60 

72 

28 

0 


pr, 


pr. 


pr. 


pr. 


1,252 


166 


186 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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WINCHESTER. 

Chemical  Examination  of  Water  from  the  Middle  Reservoir  of  the  Winchester 

Water  Works. 

[Parts  per  100,000.] 


o 

o 

o 

s 

Appearance. 

Residoe  on 
Evapora- 
tion. 

Ammonia. 

.24 

Nitrogen 

AS 

■d 

a 

3 
B 

o 

c 

o 

S 

1 
■5 

o 

6 

1 

c 
_o 

c'S 
o  S, 

o 

fo 

albuminoid. 

2 

1 

a 

3 

o 
E- 

> 

1 

5 

■a 
•o 

25854 

1899. 

Jan.     5 

Blight. 

V.  slight. 

.12 

3.30 

1.85 

.0006 

.0334 

.0272 

.0062 

.0010 

.0000 

.35 

1.0 

26122 

Feb.    3 

Decided. 

Cons. 

.11 

3.60 

1.85 

.0004 

.0508 

.0286 

.0222 

.33 

.0010 

.0001 

.40 

1.7 

26375 

Mar.    1 

Slight. 

Slight. 

.08 

2.10 

0.85 

.0122 

.0352 

.0278 

.0074 

.24 

.0030 

.0001 

.27 

0.5 

26657 

Apr.    4 

V.  slight. 

V.  slight. 

.10 

3.40 

1.50 

.0046 

.0182 

.0162 

.0020 

.28 

.0060 

.0000 

.27 

1.0 

27006 

May     3 

Decided. 

Cons. 

.30 

3.75 

1.50 

.0012 

.0356 

.0254 

.0102 

.31 

.0010 

.0000 

.42 

0.8 

27326 

June    6 

Slight. 

Cone. 

.25 

3.30 

2.05 

.0004 

.0390 

.0344 

.0046 

.26 

.0020 

.0001 

.60 

1.0 

27713 

July  n 

Decided. 

Cons., 

.28 

3.60 

1.80 

.0012 

.0592 

.0298 

.0294 

.26 

.0020 

.0000 

.56 

1.3 

27946 

Aug.    1 

Decided. 

Cons. 

.26 

4.70 

2.65 

.0006 

.0316 

.0176 

.0140 

.28 

.0020 

.0000 

.72 

1.3 

28472 

Sept.   5 

Decided. 

Cons. 

.26 

5.10 

2.55 

.0060 

.0820 

.0470 

.0350 

.30 

.0030 

.0000 

.52 

1.7 

28867 

Oct.     3 

Decided. 

Heavy. 

.20 

4.00 

1.90 

.0012 

.0788 

.0436 

.0352 

.25 

.0010 

.0000 

.52 

1.3 

29206 

Nov.    1 

Decided. 

Cons. 

.34 

3.80 

2.00 

.0024 

.0780 

.0476 

.0304 

.30 

.0030 

.0000 

.58 

1.3 

29560 

Dec.    4 

Decided. 

Cons. 

.40 

3.65 

2.15 

.0004 

.0628 

.0460 

.0168 

.29 

.0010 

.0000 

.62 

1.0 

Averages  by  Years. 


- 

1895 

- 

- 

.41 

4.84 

2.58 

.0054 

.0693  .0462 

1 
.0231 

.41 

.0065 

.0001 

.70 

1.3 

- 

1896 

- 

- 

.41 

4.45 

2.28 

.0004 

.0524.0373 

.0151 

.36 

.0053 

.0000 

.69 

1.3 

- 

1897 

- 

- 

.41 

4.22 

2.15 

.0028 

.0541 

.0359 

.0182 

.38 

.0067 

.0000 

.58 

1.2 

- 

1898 

- 

- 

.26 

3.84 

2.00 

.0031 

.0521 

.0319 

.0202 

.33 

.0030 

.0001 

.48 

1.2 

- 

1899 

- 

- 

.22 

3.68 

1.89 

.0026 

.0504 

.0326 

.0178 

.28 

.0022 

.0000 

.49 

1.2 

Note  to  analyses  of  1899  :  Odor,  vegetable  or  unpleasant,  becoming  stronger  and  sometimeB  ofEen- 
sive  on  heating. 
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WENCHESTER. 

Microscopical  Examination  of  Water  from  the  Middle  Beservoir  of  the  Winchester 

Water  Works. 

[Number  of  organigins  per  cubic  centimeter.] 


Apr. 


May. 


July. 


Aug. 


Sept. 


Day  of  examination, 
Number  of  sample, 


3 
26122 


2 
26375 


5 

2665; 


4 

27006 


12 
27713 


2 
27946 


28472 


4 
28867 


1 

29206 


PLANTS. 
DiatomaceEB, 

Asterionella, 
Cyclotella,    . 
Synedra, 
Tabellaria,    . 

Cyanophycese,   . 

Anabaena,     . 
Coelosphaerium,    . 
Microcyslis, 
Oscillaria, 

AlgsB, 

Arthrodesraus, 
Protococcus, 
Raphidium,  . 
Stauraetrum, 


288 

206 
20 
10 
50 


2,320 


208 

0 
0 
2,240     208 


20 


2,776 

336 

32 

8 

2,400 


130 

0 

0 

130 

0 


352 

272 
74 
0 
0 


184 

108 
56 
0 


\,m 


4,000 
24 


220 

44 

148 

20 

0 


761 

0 

0 

632 

124 


168 


2,852 

2,480 

8 

364 

0 


168 

SO 
84 
0 
0 


116 

0 
32 
64 

0 


ANIMALS. 
Bhizopoda,  Actinophrys, 

Infusoria, 

Chlamydomonas, 
Cryptomonas, 
Dinobryon,  . 
Halteria, 
Peridlnium,  . 
Trachelomonag,   . 
Uroglena, 

Vermes 

Annrea, 

Crustacea,    . 

Cyclops, 
Saphnia, 

Miscellaneous,  Zooglcea,    . 

Total, 


0 

170 

0 
4 
0 
0 
164 
0 
0 

2 

0 


0 

136 

16 
80 

0 
32 

0 


0 

804 

0 
0 
0 
0 
800 
2 
0 

16 

4 


0 

236 

168 
36 
0 
0 
0 
12 
4 

0 

0 


pr. 


0        3 


15       100 


10         10 


35       12 


194    2,688 


3,370 


1,501 


5,362 


918    3,382 
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winthkop, 
Water  Supply  of  Winthrop. 

(See  Metropolitan  Water  District,  pages  127  to  152.) 


Water  Supply  or  Woburn. 

Chemical  Examination  of  Water  from,  the  Filter- Oallery  of  the  Wobur?i  Water 

Works. 

[Parts  per  100,000.] 


S 
o 

Q 

Appearance. 

c 
o 

ll 

3  > 

Ha 

Ammonia. 

a 
o 

6 

Nitrogen 

AS 

1 

3(5 

o 

c 
•a 

in 

a 

3 

'■3 
S 

3 

c 

a 

o 
o 

a, 

s 

o 
c 

< 

1 

2 

i 

1899. 

25984 

Jan.  18 

None. 

None. 

.00 

9.00 

.0038 

.0020 

1.18 

.0280 

.0000 

.04 

4.3 

.0010 

26227 

Feb.  15 

None. 

V.  slight. 

.00 

9.60 

.0032 

.0014 

1.21 

.0360 

.0000 

.03 

4.4 

.0010 

26509 

Mar.  16 

None. 

V.  slight. 

.00 

10.00 

.0040 

.0024 

1.22 

.0470 

.0000 

.04 

4.7 

.0010 

26921 

Apr.  25 

None. 

V.  Blight. 

.00 

9.30 

.0030 

.0020 

1.14 

.0380 

.0000 

.05 

4.3 

.0030 

27133 

May  17 

None. 

V.  slight. 

.00 

9.50 

.0030 

.0022 

1.14 

.0380 

.0000 

.04 

4.4 

.0030 

27547 

June  22 

None. 

None. 

.00 

8.80 

.0048 

.0022 

1.19 

.0260 

.0000 

.08 

4.2 

.0010 

27836 

July  19 

None. 

None. 

.00 

9.40 

.0048 

.0020 

1.18 

.0220 

.0000 

.05 

4.3 

.0020 

28254 

Aug.  17 

None. 

None. 

.00 

10.20 

.0044 

.0026 

1.18 

.0150 

.0000 

.08 

4.0 

.0010 

28698 

Sept.  21 

None. 

None. 

.04 

9.80 

.0054 

.0030 

1.20 

.0200 

.0000 

.08 

4.3 

.0020 

29075 

Oct.  19 

None. 

None. 

.00 

9.10 

.0052 

.0032 

1.18 

.0140 

.0000 

.05 

4.6 

.0010 

29409 

Nov.  15 

None. 

None. 

.01 

9.80 

.0050 

.0036 

1.21 

.0140 

.0000 

.07 

4.3 

.0020 

29720 

Dec.  20 

None. 

None. 

.05 

9.60 

.0058 

.0034 

1.23 

.0120 

.0000 

.06 

4.6 

.0000 

Averages 

by  Tears. 

- 

1888 

- 

- 

.00 

12.00 

.0012 

.0032 

2.50 

.0346 

.0000 

- 

- 

- 

- 

1889 

- 

- 

.00 

10.84 

.0010 

.0022 

2.07 

.0372 

.0000 

- 

- 

- 

- 

1890 

- 

- 

.01 

11.06 

.0012 

.0023 

1.91 

.0481 

.0000 

- 

5.0 

- 

- 

1891 

- 

- 

.00 

10.85 

.0008 

.0015 

1.79 

.0668 

.0000 

- 

4.9 

- 

- 

1892 

- 

- 

.00 

11.27 

.0012 

.0024 

1.95 

.0542 

.0000 

- 

5.1 

- 

- 

1893 

- 

- 

.00 

11.50 

.0022 

.0018 

2.04 

.0447 

.0000 

.05 

5.3 

.0004 

- 

1894 

- 

- 

.01 

11.02 

.0026 

.0018 

1.94 

.0262 

.0000 

.05 

5.0 

.0021 

- 

1895 

- 

- 

.01 

10.82 

.0031 

.0022 

1.74 

.0204 

.0000 

.06 

4.9 

.0023 

- 

1896 

- 

- 

.01 

10.49 

.0033 

.0031 

1.56 

.0242 

.0000 

.04 

5.0 

.0011 

- 

1897 

- 

- 

.01 

10.06 

.0041 

.0032 

1.36 

.0202 

.0000 

.04 

5.0 

.0012 

- 

1898 

- 

- 

.02 

10.15 

.0041 

.0026 

1.27 

.0252 

.0000 

.06 

4.5 

.0015 

- 

1899 

- 

- 

.01 

9.51 

.0044 

.0025 

1.19 

.0258 

.0000 

.05 

4.4 

.0015 

Note  to  analyses  of  1899  :  Odor,  none. 
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WOBURN. 


Chemical  Examination  of  Water  from  Horn  Pond,  Woburn. 

[Parts  per  100,000.] 


c 

o 

o 
O 

o 

C 

Appearance. 

Rksidue  on 
Evapora- 
tion. 

Ammonia. 

<i3 
1 

o 

NITROGBN 

AS 

1 

3 

C 

o 

c 
Si 

5" 

o 

S 

3 

1 

•5 

o 
O 

"3 

o 

E-i 

c 
.2 

°§) 
o 

2 

Ec 

ALBUMINOID. 

i 

2 

2 

g 

1 

3 
"A 

1 

> 
o 

5 

1 
1  ^ 
3  o. 
as 

1 

1 

26983 

1899. 

Jan.    18 

Slight. 

V.  slight. 

.30 

7.75 

2.80 

.0086 

.0184 

.0158 

.0026 

0.83 

.I960 

.0018 

.47 

3.1 

26226 

Feb.  15 

V.  slight. 

V.  slight. 

.19 

8.65 

3.40 

.0114 

.0124 

.0112 

.0012 

0.80 

.1120 

.0014 

.26 

3.0 

26508 

Mar.  16 

Slight. 

Slight. 

.26 

6.30 

2.40 

.0144 

.0166 

.0136 

.0030 

0.56 

.0640 

.0017 

.37 

2.2 

28920 

Apr.  25 

V.  slight. 

Cons. 

.21 

6.60 

1.95 

.0008 

.0162 

.0120 

.0042 

0.73 

.1280 

.0017 

.36 

2.6 

27132 

May  17 

Slight. 

Blight. 

.23 

6.85 

1.60 

.0010 

.0258 

.0200 

.0058 

0.73 

.0400 

.0017 

.39 

2.6 

27546 

•Tune  22 

Slight. 

V.  slight. 

.20 

8.00 

1.75 

.0008 

.0252 

.0232 

.0020 

0.86 

.0500 

.0013 

.37 

2.6 

27835 

July  19 

Slight. 

Slight. 

.10 

7.35 

1.65 

.0014 

.0326 

.0262 

.0064 

0.81 

.0200 

.0018 

.42 

3.0 

28253 

Aug.  17 

Slight. 

Slight. 

.14 

7.85 

2.15 

.0000 

.0364 

.0258 

.0106 

0.93 

.0020 

.0000 

.35 

8.3 

28697 

Sept.  21 

Slight. 

Cons. 

.14 

8.00 

2.25 

.0008 

.0888 

.0228 

.0660 

0.98 

.0000 

.0000 

.35 

3.0 

29074 

Oct.   19 

Decided . 

Cons. 

.12 

7.60 

1.95 

.0008 

.0856 

.0292 

.0564 

1.04 

.0010 

.0001 

.38 

3.5 

29408 

Nov.  15 

Slight. 

Slight. 

.16 

7.90 

2.20 

.0140 

.0278 

.0232 

.0046 

1.04 

.0030 

.0008 

.39 

3.3 

29719 

Dec.  20 

Slight. 

Cons. 

.15 

7.75 

1.55 

.0014 

.0274 

.0202 

.0072 

1.09 

.0160 

.0005 

.33 

3.0 

Averages  by  Tears. 


1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


- 

.32 

11.28 

1.71 

.0186 

.0383 

- 

- 

2.98 

.0398 

.0015 

- 

- 

.30 

8.37 

2.03 

.0092 

.0376 

.0216 

.0160 

1.98 

.0498 

.0015 

- 

- 

.27 

10.76 

2.07 

.0080 

.0380 

.0211 

.0169 

1.93 

.0542 

.0008 

- 

- 

.22 

8.90 

2.06 

.0129 

.0453 

.0237 

.0216 

1.76 

.0502 

.0009 

- 

- 

.25 

10.57 

2.13 

.0110 

.0358 

.0216 

.0142 

2.42 

.0821 

.0008 

- 

- 

.30 

9.83 

2.51 

.0061 

.0455 

.0247 

.0208 

2.10 

.0472 

.0009 

.45 

- 

.33 

9.03 

1.98 

.0065 

.0292 

.0184 

.0108 

1.84 

.0404 

.0009 

.40 

- 

.36 

9.43 

2.84 

.0087 

.0297 

.0205 

.0092 

1.53 

.0523 

.0014 

.48 

- 

.27 

8.27 

2.43 

.0043 

.0321 

.0199 

.0122 

1.18 

.0476 

.0010 

.39 

- 

.41 

7.95 

2.30 

.0052 

.0355 

.0224 

.0131 

1.02 

.0389 

.0008 

.48 

- 

.40 

7.80 

2.32 

.0037 

.0286 

.0206 

.0080 

0.96 

.0616 

.0015 

.48 

- 

.18 

7.55 

2.14 

.0046 

.0344 

.0203 

.0141 

0.87 

.0527 

.0011 

.37 

Note  to  analyses  of  1899 :    Odor,  vegetable,  becoming  stronger  and  occasionally  unpleasant  on 
beating. 
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WOBURN. 

Microscopical  Examination  of  Water  from  Horn  Pond,  Woburn. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.    Feb.    Mar.  Apr.  May.  June.  July.  Aug.  Sept.  Oct     Nov.  Deo, 


Day  of  examination, 
Number  of  sample, 


19 
25983 


16 
26226 


17 
26508 


26       18 
2692027132 


23 

27546 


20 

27835 


18 

28253 


22 
28697 


20 
29074 


16 

29408 


21 

29719 


PLANTS, 
DiatomacesB, 

Asterionella, 
Cyclotella,     . 
Diatoma, 
Fragllarla,     . 
Melosira, 
Synedra, 
Tabellarla,    . 

Cyanophycese,   . 

Anabaana, 

Aphanlzomenon, 

Clathrocystis, 

Algse, 

Protococcus, 
Staurastrum, 


101 


6,836 

5,600 
26 
0 
0 
28 
700 
480 


3,332 

2,200 
116 

40 
164 
144 
648 

20 


34 


122 

0 
0 
0 
0 
0 
120 
0 


84 


23 


140 


618 


168 

0 
156 


1,880 

1,880 


1,074 


120 
0 
0 
32 


2,844 

172 

108 

116 

0 

2,416 

32 

0 


ANIMALS. 
Bhizopoda,  Difflugia, 

Infusoria, 

Ceratium, 
Ciliated  infusorian, 
Dinobryon,  . 
Peridinium,  . 
Uroglena, 
Vorticella,    . 

Vermes,  . 
Anurea, 

Crustacea,    . 

Bosmina,       .        . 
Cyclops, 

Miscellaneous,  Zoogloea, 

Total,  . 


5,732 

12 

120 

0 

5,600 

0 

0 


0 

272 

0 
0 
0 
272 
0 
0 


0 

26 

0 
0 
0 
8 
4 
0 

12 

12 


15     12 


277 


29 


119 


6,882  3,408 


197 


746    6,652 


2,224 


1,083 


2,908 


348 


STATE   BOAKD    OF   HEALTH.  .       [Pub.  Doc. 


worcester. 

Water  Supply  of  Worcester. 
Chemical  Examination  of  Water  from  Lynde  Brook  Storage  Reservoir,  at  Inlet. 

[Parts  per  100,000.] 


Kbsiddb  on 

c 

Appeabance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

d 

B 

o 

d 

ALBUMINOID. 

O 

>. 

B 

■6 

■o 

<B 

a 

3 

o 
-2 

a 

■a 
1 

a 

■3 

o 

% 

°3j 
o 

I 

« 

3  p. 

c 

1 

1 

'u 

B 

ti 

B 
1 

!?; 

Q 

fr< 

m 

O 

H 

iJ 

b 

H 

a 

CC 

u 

a 

S 

o 

m 

1899. 

25974 

Jan.   17 

Slight. 

Cons. 

.22 

2.20 

0.80 

.0002 

.0132 

.0104 

.0028 

.10 

.0080 

.0000 

.38 

0.5 

26327 

Feb.  23 

Slight. 

Cons. 

.21 

2.60 

1.15 

.0006 

.0132 

.0098 

.0034 

.14 

.0030 

.0001 

.38 

0.6 

26484 

Mar.  14 

V.  slight. 

V.  Blight. 

.20 

2.25 

1.25 

.0004 

.0096 

.0086 

.0010 

.12 

.0040 

.0000 

..S5 

0.2 

26928 

Apr.  25 

None. 

V.  slight. 

.35 

3.00 

1.65 

.0002 

.0110 

.0102 

.0008 

.12 

.00301.0000 

.47 

0.6 

27120 

May   16 

None. 

V.  slight. 

.42 

3.25 

1.50 

.0006 

.0152 

.0138 

.0014 

.12 

.0010 

.0000 

.57 

0.5 

27510 

June  20 

V.  slight. 

V.  slight. 

.29 

4.00 

1.25 

.0006 

.0160 

.0148 

.0012 

.09 

.0020 

.0000 

.52 

0.8 

27819 

July  18 

V.  Blight. 

V.  slight. 

.12 

3.45 

1.05 

.0040 

.0110 

.0104 

.0006 

.13 

.0020 

.0000 

.34 

0.8 

28220 

Aug.  15 

None. 

V.  slight. 

.10 

3.70 

1.05 

.0002 

.0044 

.0040 

.0004 

.15 

.0010 

.0000 

.20 

0.8 

28676 

Sept.  19 

V.  Blight. 

V.  slight. 

.11 

3.45 

1.10 

.0008 

.0130 

.0110 

.0020 

.11 

.0010 

.0001 

.23 

0.8 

29044 

Oct.   17 

V.  slight. 

None. 

.40 

4.40 

1.65 

.0004 

.0150 

.0136 

.0014 

.26 

.0020 

.0000 

.51 

1.0 

29394 

Nov.  14 

None. 

V.  Blight. 

.48 

4.60 

1.80 

.0012 

.0176 

.0172 

.0004 

.22 

.0030 

.0000 

.75 

1.0 

29702 

Dec.  19 

V.  slight. 

V.  Blight. 

.39 

3.75 

1.40 

.0004 

.0136 

.0124 

.0012 

.18 
.14 

.0060 
.0026 

.0001 

.52 
.43 

0.8 

Av... 

.27 

.3.39 

1.30 

.0008 

.0127 

.0113 

.0014 

.0000 

0.7 

Odor  of  the  first  three  and  last  three  samples,  none,  beconaing  faintly  vegetable  on  heating;  of  the 
others,  faintly  vegetable. 


Chemical  Examination  of  Water  from  Lynde  Brook  Storage  Reservoir. 

[Parts  per  100,000.] 


Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

tion. 

» 

d 

s 

i 

0 

>, 

s 

d 
o 

albuminoid. 

■d 

•d 

S 

J2 
S 

S 

o 

2 
s 

a 

•S 

o 

« 

°s 

2 

■3 
0 

> 
0 

■0 

1  g 
a  p. 

s 
1 

g 

Lh 

5 
to 

B 
03 

^ 

« 

H 

w 

O 

H 

kJ 

fe 

H 

Q 

m 

Q 

"A 

(5 

0 

1899. 

25975 

Jan.   17 

V.  Blight. 

V.  Blight. 

.01 

0.60 

0.35 

.0050  .0082 

.0064 

.0018 

.04 

.0030 

.0001 

.14 

0.0 

26328 

Feb.  23 

V.  slight. 

V.  slight. 

.19 

2.60 

1.00 

.0026  .0100 

.0094 

.0006 

.12 

.0020  .0000 

.32 

0.5 

26485 

Mar.  14 

Slight. 

V".  slight. 

.20 

2.40 

1.10 

.0032  .0118 

.0096 

.0022 

.12 

.0060  .0000 

.31 

0.3 

26929 

Apr.  25 

Slight. 

V.  Blight. 

.18 

2.30 

1.00 

.0024. 0124 

.0098 

.0026 

.12 

.0070  .0000 

.29 

0.3 

27121 

May   16 

V.  slight. 

V.  slight. 

.14 

2.50 

1.05 

.0012  .0122 

.0116 

.0006 

.12 

.0050  .0000 

.29 

0.3 

27512 

June  20 

Slight. 

Slight. 

.15 

2.35 

1.10 

.0006  .0174 

.0150 

.0024 

.11 

.0000  .0000 

.32 

0.3 

27820 

July  18 

Slight. 

Slight. 

.13 

2.35 

0.95 

.0012^.0168 

.0156 

.0012 

.10 

.0030  .0000 

.36 

0.3 

28221 

Aug.  15 

V.  slight. 

V.  slight. 

.10 

2.40 

1.15 

.0000  .0138 

.0124 

.0014 

.11 

.0020  .0000 

.30 

0.2 

28677 

Sept.  19 

Slight. 

Slight. 

.17 

2.30 

1.15 

.0002,. 0190 

.0168 

.0032 

.12 

.0000  .0000 

.29 

0.5 

29045 

Oct.   17 

V.  Blight. 

V.  slight. 

.31 

2.80 

1.20 

.00561.0172 

.0166 

.0006 

.12 

.00101.0000 

.30 

0.8 

29395 

Nov.  14 

Decided. 

Slight. 

.40 

3.55 

1.40 

.0078  .0200 

.0176 

.0024 

.16 

.0030  .0000 

.43 

0.6 

29703 

Dec.  19 

V.  slight. 

Slight. 

.39 

3.70 

1.30 

.0060  .0180 

.0162 

.0018 

.16 

.O05O|.00Ol 

i 

.41 

1.1 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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WORCESTER. 

Chemical  Examination  of  Water  from  Lynde  Brook  Storage  Reservoir  —  Concluded. 

Averages  by  Years. 

[Parts  per  100,000.] 


_o 
■5 

Appeabance. 

Residue  on 

EVAPOKA- 
TION. 

Ammonia. 

Nitrogen 

AS 

i 

3 

a 

c 

ALBUMINOID. 

a 

3 

0 

0 

'a 
Q 

3 
Eh 

1 
02 

u 

0 
0 
0 

3 

0 

00  1-1 

3 

£ 

3 

'6 
0 

-o 
,  c 

a  P. 

00 

c 

0 
.14 

« 
&. 

2 

4) 

bo 
0 

a 
■0 
U 

a 

1888 

.24 

2.64 

0.85 

.0037 

.0151 

.0065 

.0001 

- 

1889 

_ 

- 

.24 

2.54 

0.60 

.0030 

.0167 

.0138 

.0029 

.15 

.0053 

.0001 

_ 

_ 

- 

1890 

- 

_ 

.21 

3.07 

1.15 

.0026 

.0132 

.0107 

.0025 

.14 

.0078 

.0001 

_ 

0.9 

- 

1891 

- 

- 

.24 

2.88 

1.03 

.0045 

.0126 

.0101 

.0025 

.12 

.0074 

.0001 

- 

0.7 

- 

1892 

- 

- 

.25 

2.99 

1.15 

.0038 

.0139 

.0113 

.0026 

.15 

.0105 

.0000 

_ 

0.8 

- 

1893 

- 

- 

.26 

2.66 

0.98 

.0036 

.0162 

.0122 

.0039 

.15 

.0066 

.0001 

.35 

0.6 

- 

1894 

- 

- 

.36 

3.37 

1.09 

.0055 

.0139 

.0117 

.0022 

.18 

.0103 

.0000 

.35 

1.2 

- 

1895 

- 

- 

.32 

3.63 

1.30 

.0033 

.0161 

.0138 

.0023 

.20 

.0116 

.0000 

.45 

1.2 

- 

1896 

- 

- 

.29 

2.95 

1.27 

.0035 

.0158 

.0133 

.0025 

.18 

.0054 

.0000 

..38 

0.8 

- 

1897 

- 

- 

.44 

3.31 

1.25 

.0068 

.0191 

.0164 

.0027 

.18 

.0087 

.0001 

.42 

0.8 

- 

1898 

- 

- 

.31 

3.24 

1.32 

.0030 

.0156 

.0140 

.0016 

.20 

.0059 

.0001 

.38 

0.8 

~ 

1899 

~ 

~ 

.20 

2.49 

1.06 

.0030 

.0147 

.0130 

.0017 

.12 

.0031 

.0000 

.31 

0.4 

Note  to  analyses  of  1899 :  Odor  of  the  first  two  and  last  four  samples,  none,  becoming  faintly  vege- 
table on  heating;  of  the  others,  faintly  vegetable,  becoming  stronger  on  heating. 


Microscopical  Examination  of  Water  from  Lynde  Brook  Storage  Reservoir. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May. 


July. 


Aug. 


Sept. 


Day  of  examination,  . 
Number  of  sample,     . 


19 

25975 


24 
26328 


15 

26485 


26 
26929 


17 
27121 


21 
27512 


19 
27820 


16 
28221 


21 
28677 


20 
29703 


PLANTS, 

Diatomacese, 

Cyclotella,    . 
Melosira,       .        . 

Cyanophycese,    . 

Anabsena, 
Merismopoedia,    . 
Microcystis, . 

Algse, 

Protoooccus, 


110 


112 

0 

112 

0 


28 


20 
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IVORCESTER. 

Microscopical  Examination  of  Water  from  Lynde  Brook  Storage  Beservoir  —  Con- 
cluded. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 


Apr. 


May. 


July. 


Aug. 


Sept. 


ANIMALS. 
Bhlzopoda,   . 

Infusoria, 

DinobryoD,  . 
Peridinium,  . 
/    Uroglena, 

Vermes, . 
Crustacea,  Daphnia, 


29 


1R 

113 

1 
a 


Miscellaneous,  Zoogloea, 


10         7 


Total, 


79       71 


345 


134 


80 


130     145 


99 


144 


Chemical  Examination  of  Water  from  Kent  Reservoir  on  Kettle  Brook,  in  Leicester, 

[Parts  per  100,000.] 


1 

1 
o 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

i 

s 

a 
o 

1 

3 

1 

o 
o 

o 

c 

o 

ll 

o 

£ 

ALBUMINOID. 

1 

'S 

u 

a 

o 

•a 

> 

1 

•a 

■a 
1  s 

a  o. 

a 
•a 

!2! 

a 

H 

OJ 

O 

H 

hJ 

h 

H 

Q 

cc 

O 

izi 

S 

o 

a 

1899. 

25973 

Jan.   17 

Decided. 

V.  slight. 

.34 

2.85 

1.25 

.0018 

.0258 

.0214 

.0044 

.07 

.0040 

.0001 

.55 

0.8 

26326 

Feb.  23 

Slight. 

V.  slight. 

.30 

3.10 

1.50 

.0100 

.0234 

.0196 

.0038 

.11 

.0010 

.0002 

..55 

0.6 

26486 

Mar.  14 

Decided. 

Slight. 

.26 

3.25 

1.35 

.0190 

.0278 

.0244 

.0034 

.15 

.0050 

.0001 

.53 

0.6 

26926 

Apr.  25 

Slight. 

V.  slight. 

.18 

2.20 

1.05 

.0010 

.0126 

.0116 

.0010 

.11 

.0070 

.0001 

.30 

0.2 

27119 

May  16 

Slight. 

Slight. 

.23 

2.25 

1.00 

.0006 

.0208 

.0172 

.0036 

.11 

.0000 

.0000 

.38 

0.2 

27509 

June  20 

Slight. 

Slight. 

.24 

2.60 

1.25 

.0008 

.0226 

.0190 

.0036 

.08 

.0010 

.0000 

.42 

0,3 

27818 

July  18 

Decided. 

Cons. 

.33 

2.75 

1.35 

.0040 

.0260 

.0224 

.0036 

.09 

.0020 

.0000 

.53 

0.6 

28263 

Aug.  17 

V.  slight. 

V.  slight. 

.24 

3.50 

1.55 

.0002 

.0230 

.0200 

.0030 

.09 

.0010 

.0000 

.47 

0.5 

28678 

Sept.  19 

Decided. 

Cons. 

.18 

3.25 

1.75 

.0036 

.0356 

.0244 

.0112 

.08 

.0000 

.0001 

.47 

0.6 

29048 

Oct.   17 

Decided. 

Cons. 

.21 

4.10 

1.35 

.0020 

.0268 

.0178 

.0090 

.20 

.0060 

.0001 

.36 

i.a 

29393 

Nov.  14 

Decided. 

Cons. 

.49 

4.95 

1.85 

.0056 

.02261.0194 

.0032 

.23 

.0070 

.0000 

.65 

1.1 

29704 

Dec.  19 

Decided. 

V.  Blight. 

.27 

4.25 

1.40 

.0080 

.0198 

.0170 

.0028 
.0044 
.0026 

.19 
.13 
.16 

.0100 
.0037 
.0042 

.0001 

.46 
.47 
.46 

1.0 

Av... 

1899 

.27 

3.25 

1.39 

.0047 

.0239 

.0195 

.0001 

0.7 

Av... 

1898 

.36 

3.20 

1.40 

.0012 

.0176 

.0150 

.0001 

0  8 

Note  to  analyses  of  1899  :  Odor  of  the  first  and  last  two  samples,  none,  becoming  faintly  vegetable 
on  heating;  of  the  third,  none,  becoming  distinctly  disagreeable  on  heating;  of  the  others,  vegetable, 
becoming  stronger  on  heating. 
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Microscopical  Examination  of  Water  from  Kent  Reservoir  on  Kettle  Brook  in 

Leicester. 

[Number  of  organisms  per  cubic  centimeter.] 


Jan.   Feb.   Mar.   Apr.  May.   June.  July.   Aug.  Sept.  Oct.    Nov.    Dec 


Day  of  examination, 
Number  of  sample, 


19 
25973 


24 
26326 


15 

26486 


26       17 
26926  27119 


21 
27509 


19 

27818 


18 
28263 


21 

28678 


18 
29048 


15 
29393 


20 
29704 


PLANTS, 

Diatonaacese, 

Asterionella, 

Melosira, 

Synedra, 

Cyanophycese,    . 

Algse, 

Raphidlum,  . 


450 

42 

332 

56 


107 


414 
32 

314 
36 


1,416 


1,028 
304 


ANIMALS. 
Rltizopoda,  Difflugia, 

Infusoria, 

Dinobryon,   . 
Peridinium,  . 

Vermes,  . 

Anurea, 


120 

112 

0 

16 
12 


Miscellaneous,  Zoogloea, 


60 


25 


Total, 


582 


156 


234 


153 


109 


Chemical  Examination  of  Water  froryi  Bottomly  Pond,  on  Kettle  Brook,  Paxton. 

[Parts  per  100,000.] 


Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

o 

o 
O 

tion. 

6 

3 

c 

0 

0 

>. 

_o 

ALBUMINOID. 

_ 

. 

■6 

■a 

i 

a 

o 

s 

a 

o 
■3 

S 

°5i 

■5 
0 

> 
0 

•a 
1  c 

c 

0 
3 

g 

r 

M 

>> 

a 

^ 

Q 

El- 

CO 

0 

EH 

iJ 

b, 

H 

Q 

CZ3 

0 

55 

:2 

0 

a 

1899. 

25976 

Jan.  17 

V.  slight. 

V.  slight. 

.01 

0.80 

0.45 

.0088 

.0078 

.0064 

.0014 

.06 

.0020 

.0001 

0.14 

0.2 

26329 

Fub.  23 

V.  slight. 

V.  slight. 

.18 

1.50 

0.50 

.0052 

.0070 

.0064 

.0006 

.08 

.0040  .OOOlj 

0.31 

o.s 

26487 

Mar.  14 

Slight. 

Slight. 

.25 

2.40 

0.95 

.0038 

.0136 

.0100 

.0036 

.09 

.0060 

.0000 

0.38 

0.2 

26930 

Apr.  25 

Slight. 

Slight. 

.22 

2.00 

1.10 

.0006 

.0130 

.0110 

.0020 

.09 

.0070 

.0001 

0.34 

0.2 

27122 

May   16 

V.  slight. 

Slight. 

.24 

2.40 

1.15 

.0014 

.0196 

.0148 

.0048 

.08 

.0030 

.0000 

0.38    0.2 

27511 

June  20 

Decided. 

Cons. 

.29 

2.25 

1.05 

.00121.0260 

.0206 

.0054 

.10 

.0020 

.0000 

0.51 

0.2 

27821 

July  18 

Decided. 

Heavy. 

.59 

4.15 

1.75 

.0284 

.0648 

.0296 

.0352 

.14 

.0040 

.0001 

0.68 

1.8 

28264 

Aug.  17 

Decided. 

Heavy. 

.39 

4.80 

1.50 

.0156 

.0384 

.0264 

.0120 

.14 

.0010 

.0001 

0.55 

1.4 

28679 

Sept.  19 

Decided. 

Heavy. 

.57 

4.25 

1.25 

.0352 

.0496 

.0320 

.0176 

.12 

.0060 

.0003 

0.60 

1.4 

29049 

Oct.    17 

Decided. 

Cons. 

.40 

4.90 

1.55 

.0116 

.0.396 

.0208 

.0188 

.19 

.0030 

.0001 

0.53 

1.7 

29396 

Nov.  14 

Slight. 

Slight. 

.96 

6.45 

2.65 

.0030 

.0326 

.0,302 

.0024 

.23 

.0010 

.0000 

1.27 

1.7 

29705 

Dec.  19 

V.  slight. 

Slight. 

.50 

4.50 

1.65 

.0040 

.0182 

.0170 

.0012 

.16 

.0020 

.0000 

0.66 

1.3 
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"WORCESTER. 

Chemical  Examination  of  Water  from  Boltomly  Pond,  on  Kettle  Brook,  Paxlon  ■ 

Concluded. 

Averages  by  Years. 

[Parts  per  100,000.] 


Note  to  analyses  of  1899:  Odor  of  the  first  three  and  last  samples,  none,  becoming  vegetable  on 
heating;  of  the  others,  vegetable  or  unpleasant,  becoming  stronger  on  heating. 


Microscojncal  Examination  of  Water  f-om  Bottomly  Pond,on  Kettle  Brook,  Paxton. 

[Number  of  organisms  per  cubic  centimeter.] 


Apr. 


May.  June. 


July. 


Aug. 


Sept. 


Day  of  examination,  . 
Number  of  sample,    . 


19 
25976 


24 
26329 


15 
26487 


26 
26930 


17       21 
27122  27511 


19 
27821 


18 
28264 


21 
28679 


18 
29049 


15 

29396 


20 
29705 


PLANTS 
Diatomacese, 

Asterionella, 
Cyclotella,    . 
Melosira, 
Navicula, 
Bynedra, 

Cyanopliycese,   . 

Anabasaa, 

Algse, 

Kaphidium,  . 
Scenedesmus, 


344 

2,360 

2,556 

166 

88 

28 

2 

54 

412 

52 

1,600 

8 

260 

448 

88 

1,708 

4 

308 

46 

0 

4 

42 

0 

0 

42 

344 

289 

8 
2 

52 
244 

0 
256 

0 

8 

0 

42 

200 

635 

0 
0 
0 
2 
32 

0 

56 

4 

120 

4 

20 
600 
0 
0 
8 

7,578 

2,276 

476 

0 

6,700 

54 

332 

40 

40 

1,620 

56 

616 

0 

0 

0 

0 

92 

20 

2 
54 

0 
16 

ANIMALS. 
Bhizopoda,  Actinophrys, 


Infusoria, 

Ciliated  infusorian, 
Dinobryon,  . 
Euglena, 

Monas,  .        .        . 
Peridinium,  . 
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TV^ORCESTBR. 

Microscopical  Examination  of  Water  from  Bottomly  Pond,  on  Kettle  Brook,  Paxton 

—  Concluded. 

*  [Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

ANIMALS  —  Concluded. 

Vermes, 

0 

1 

3 

1 

6 

5 

2 

26      18 

0 

0 

0 

Anurea, 

Polyarlhra, 

0 
0 

0 

1 

1 
1 

0 

1 

1 
2 

1 
2 

0 
0 

0 
20 

16 
0 

0 

0 

0 
0 

0 
0 

Crustacea,    ..... 

0 

0 

0 

0 

pr. 

pr. 

0 

pr. 

0 

0 

0 

0 

Bosmina 

Cyclops 

0 
0 

0 
0 

0 
0 

0 

0 

0 
pr. 

0 
pr. 

0 
0 

^0 

0 
0 

0 
0 

0 
0 

0 
0 

Miscellaneous,  Zoogloea,   . 

3 

3 

12 

7 

12 

40 

200 

200 

30 

,e 

3 

5 

Total, 

28 

34 

298 

54 

170 

519 

3,114 

3,710 

7,726 

2,312 

50 

30 

Chemical  Examination  of  Water  from  Tatnuck  Brook  Storage  Reservoir,  at  Inlet. 

[Parts  per  100,000.] 


o 

o 
o 

o 

1 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
o 

s 

O 
.12 

NiTKOGBN 
AS 

i 

a 

3 

o 

o 

c 

60 

s 

1 

■3 

m 

u 
o 
o 
O 

3 

'o 

c 
o 

§1 
o 

u 

ALBUMINOID. 

t4 

a 

•2 
> 

o 

S 

■a 
■a 

3  o. 
CO 

25971 

1899. 

Jan.  17 

None. 

V.  slight. 

.07 

1.50 

0.50 

.0006 

.0034 

.0032 

.0002 

.0040 

.0000 

.15 

0.0 

26324 

Feb.  23 

Slight. 

V.  slight. 

.15 

2.40 

1.15 

.0046 

.0112 

.0086 

.0026 

.12 

.0060 

.0001 

.20 

0.5 

26482 

Mar.  14 

None. 

V.  slight. 

.10 

1.75 

0.60 

.0000 

.0060 

.0044 

.0016 

.12 

.0010 

.0000 

.19 

0.0 

26924 

Apr.  25 

V.  slight. 

Slight. 

.12 

1.90 

0.50 

.0000 

.0066 

.0032 

.0004 

.13 

.0010 

.0000 

.23 

0.0 

27117 

May  16 

V.  slight. 

Slight. 

.41 

2.35 

1.10 

.0020 

.0194 

.0174 

.0020 

.14 

.0010 

.0000 

.54 

0.2 

27507 

June  20 

Slight. 

Cons. 

.19 

2.75 

1.35 

.0020 

.0220 

.0184 

.0036 

.12 

.0010 

.0000 

.35 

0.0 

27816 

July  18 

Slight. 

Slight. 

.35 

2.80 

1.20 

.0140 

.0260 

.0212 

.0048 

.14 

.0020 

.0000 

.44 

0.2 

28222 

Aug.  15 

V.  slight. 

V.  slight. 

.23 

3.55 

1.20 

.0000 

.0098 

.0080 

.0018 

.20 

.0010 

.0000 

.32 

0.5 

28674 

Sept.  19 

V.  slight. 

Slight. 

.13 

2.75 

0.65 

.0010 

.0070 

.0060 

.0010 

.14 

.0040 

.0001 

.10 

0.6 

29046 

Oct.   17 

V.  slight. 

V.  slight. 

.27 

3.50 

1.20 

.0008 

.0156 

.0116 

.0040 

.32 

.0050 

.0000 

.37 

0.3 

29391 

Nov.  14 

V.  slight. 

V.  Blight. 

.40 

4.15 

1.55 

.0008 

.0148 

.0144 

.0004 

.27 

.0040 

.0000 

.58 

0.6 

29700 

Dec.  19 

V.  slight. 

V.  Blight. 

.33 

3.25 

1.15 

.0006 
.0022 

.0124 
.0128 

.0118 

.0006 

.23 

.0040 
.0028 

.0000 
.0000 

.36 
.32 

0.5 

Av... 

.23 

2.72 

1.01 

.0109 

.0019 

0.3 

1 

1 

Odor  of  the  first  three  and  last  samples,  none;  of  the  others,  faintly  vegetable,  becoming  occasion- 
ally unpleasant  on  heating. 
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WORCESTER. 

Chemical  Examination  of  Water  from  Tatnuck  Brooh  Storage  Reservoir. 

[Parts  per  100,000.] 


i 
1 

o 

-S 

o 

Appeabakce. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

KiTROGEN 
AS 

■d 

s 

3 
c 

c 
<u 
ec 
f>. 

X 

o 

2 

3 

i 

o 

6 

1 

1 

ft 
o 

£ 

albuminoid. 

1 

c 

s 

1 

i 

■a 
> 
o 

O 

3  a 

OS 

S 

B  - 

"2 

Hi 

M 

1899. 

25972 

Jan.  17 

V.  Slight. 

V.  Blight. 

.16 

2.10 

1.00 

.0002 

.0078 

.0070 

.0008 

.16 

.0030 

.0000 

.28 

0.2 

26325 

Feb.  23 

V.  slight. 

V.  Blight. 

.12 

2.15 

0.80 

.0024 

.0072 

.0064 

.0008 

.16 

.0010 

.0001 

.25 

0.3 

26483 

Mar.  14 

V.  slight. 

None. 

.15 

2.25 

0.75 

.0026 

.0078 

.0068 

,0010 

.13 

.0010 

.0000 

.23 

0.0 

26925 

Apr.  25 

Slight. 

V.  slight. 

.13 

1.85 

0.85 

.0028 

.0076 

.0060 

.0016 

.12 

.0010 

.0001 

.20 

0.0 

27118 

May  16 

V.  slight. 

V.  slight. 

.11 

1.75 

0.55 

.0004 

.0128 

.0094 

.0034 

.12 

.0010 

.0000 

.22 

0.0 

27508 

June  20 

V.  slight. 

V.  slight. 

.12 

1.50 

0.35 

.0010 

.0146 

.0126 

.0020 

.11 

.0000 

.0000 

.23 

0.0 

27817 

July  18 

Slight. 

Cods. 

.06 

2.65 

0.95 

.0032 

.0188 

.0120 

.0068 

.13 

.0010 

.0000 

.23 

0.2 

28223 

Aug.  15 

V.  slight. 

V.  slight. 

.07 

2.15 

1.25 

.0000 

.0124 

.0106 

.0018 

.12 

.0030 

.0000 

.22 

0.2 

28675 

Sept.  19 

V.  Blight. 

Slight. 

.07 

1.75 

0.85 

.0002 

.0154 

.0130 

.0024 

.10 

.0010 

.0000 

.20 

0.2 

29047 

Oct.  17 

Slight. 

Blight. 

.08 

1.70 

0.70 

.0004 

.0172 

.0130 

.0042 

.12 

.0050 

.0000 

.18 

0.3 

29392 

Nov.  14 

Decided. 

Cons. 

.11 

2.15 

0.75 

.0004 

.0246 

.0156 

.0090 

.14 

.0010 

.0000 

.24 

0.3 

29701 

Dec.  19 

Slight. 

Blight. 

.10 

2.00 

0.85 

.0024 

.0168 

.0146 

.0022 

.15 

.0010 

.0000 

.23 

0.3 

Averages  hy  Years. 


1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


- 

.17 

2.23 

0.75 

.0012 

.0157 

- 

.12 

.0043 

.0001 

- 

- 

.19 

2.04 

0.57 

.0003 

.0143 

.0112 

.0031 

.12 

.00.31 

.0001 

- 

- 

.17 

2.68 

1.24 

.0007 

.0141 

.0102 

.0039 

.13 

.0078 

.0001 

- 

- 

.17 

2.30 

0.94 

.0024 

.0143 

.0102 

.0041 

.11 

.0077 

.0001 

- 

.20 

2.52 

1.03 

.0012 

.0142 

.0113 

.0029 

.12 

.0067 

.0000 

- 

- 

.35 

2.45 

0.93 

.0020 

.0182 

.0140 

.0042 

.14 

.0049 

.0000 

.36 

- 

.20 

2.27 

0.85 

.0010 

.0151 

.0114 

.0037 

.16 

.0032 

.0000 

.30 

- 

.21 

2.33 

0.98 

.0012 

.0173 

.0130 

.0043 

.18 

.0068 

.0000 

.36 

- 

.17 

2.00 

0.84 

.0008 

.0142 

.0109 

.0033 

.15 

.0034 

.0000 

.27 

- 

.21 

2.12 

0.82 

.0007 

.0155 

.0125 

.0030 

.16 

.0054 

.0000 

.30 

- 

.22 

2.24 

0.96 

.0006 

.0141 

.0114 

.0027 

.16 

.0020 

.0000 

.30 

- 

.11 

2.00 

0.80 

.0013 

.0136 

.0106 

.0030 

.13 

.0016 

.0000 

.23 

NoTB  to  analyses  of  1899 :  Odor,  faintly  vegetable,  becoming  stronger  and  occasionally  unpleasant 
on  heating. 
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WOKCESTEK. 

Microscopical  Examination  oj  Water  from  Tatnuck  Brook  Storage  Reservoir. 

[Number  of  organisms  per  cubic  centimeter.] 


1899. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  examination 

IS 

24 

15 

26 

17 

21 

19 

16 

21 

18 

15 

20 

Number  of  sample,    .... 

25972 

26325 

26483 

26925 

27118 

27508 

27817 

28223 

28675 

29047 

29392 

29701 

PLANTS. 

DiatomacesB 

3 

17 

6 

130 

412 

148 

940 

366 

416 

530 

1,092 

141 

Asterionella,        .... 

Melosira 

Synedra 

Tabellaria 

0 
0 
2 
1 

5 
7 
4 
0 

0 
3 
3 
0 

12 
64 
10 
30 

12 

342 

6 

42 

21 

36 

4 

86 

756 
112 

2 
68 

222 
30 
38 
70 

40 

296 
38 
34 

142 

204 

84 

100 

48 

1,004 

22 

18 

110 

6 

0 

25 

Oyanopliycese,    .... 

0 

1 

0 

0 

6 

1 

0 

9 

0 

0 

0 

0 

Algse 

0 

0 

1 

0 

7 

1 

12 

36 

16 

58 

16 

2 

ANIMALS. 

Rhizopoda,  Arcella,     . 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

Infusoria 

9 

1 

18 

78 

55 

11 

8 

34 

17 

0 

18 

12 

Chlamydomonas, 

Dinobryon 

Peridinium 

0 
6 
1 

0 
0 

1 

0 

17 

1 

0 

74 
4 

0 
22 

28 

0 
4 
4 

0 
0 
6 

0 
0 
32 

0 
4 
12 

0 
0 
0 

14 
0 
2 

0 
0 
12 

Vermes 

1 

1 

0 

0 

3 

3 

2 

6 

1 

2 

2 

1 

Crustacea,  Cyclops,    . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

0 

Miscellaneous,  Zobgloea,    . 

0 

3 

3 

8 

12 

5 

15 

10 

8 

5 

5 

10 

Total 

13 

23 

28 

216 

495 

169 

977 

461 

459 

595 

1,133 

166 
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EXAMINATION  OF  RIVERS. 


Regular  monthly  examinations  have  been  made  during  the  year 
1899  of  the  waters  of  the  Assabet,  Blackstone,  Charles,  Hoosac, 
Housatonic,  Merrimack,  Nashua,  Neponset,  Saugus,  Sudbury,  Swift 
and  Ware  rivers,  and  examinations  during  the  summer  months  of 
the  waters  of  the  Chicopee,  Connecticut,  French,  Miller's,  Nemasket, 
Quinebaug,  Salisbury  Plain,  Taunton  and  Ten  Mile  rivers.  Occa- 
sional examinations  have  also  been  made  of  other  rivers  in  the 
State.  Most  of  the  results  of  these  examinations  will  be  found 
arranged  alphabetically  by  rivers  in  the  pages  which  follow,  but 
some  of  them  are  given  on  the  preceding  pages  in  connection  with 
the  examinations  of  water  supplies,  as  follows  :  — 


Merrimack  at  Lowell, 
Merrimack  at  Lawrence, 
Nashua  at  Clinton,  . 
Quinepoxet  at  Holden, 
Saugus  at  Montrose, . 
Stillwater  at  Sterling, 
Sudbury  at  Framingham, 


Page 

231 
218 
130 
128 
245 
129 
143 


The  flow  of  the  streams  during  the  summer  months  was  unusually 
low,  making  the  eflects  of  sewage  pollution  more  noticeable  than  in 
years  of  ordinary  flow. 
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ASSABET  RIVER. 


Ass  ABET    ElVEE. 


Chemical  Examination  of  Water  from  Assabet  River,  below  the  Sewage  Filtration 

Area  at  Westborough. 

[Parts  per  100,000.] 


_o 

Appearance. 

Rbsidue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

■s 

a 

o 

o 

Q 

S 

1 
■3 

03 

O 

a 

3 

o 

c 

il 
1 

albuminoid. 

6 
a 
T. 
o 

O 
.19 

*3 

2 

g 

c 

5 

u 

a 

a 
iz; 

1 

s 

<s 

•a 

a  o. 
ao 

a 

26997 

1899. 

Jan.   19 

V.  slight. 

V.  slight. 

0.60 

3.65 

1.65 

.0042 

.0174 

.0160 

.0014 

.0060 

.0001 

0.70 

0.8 

26248 

Feb.  18 

Slight. 

V.  slight. 

0.51 

'  5.15 

2.15 

.0168 

.0204 

.0174 

.0030 

.28 

.0060 

.0008 

0.72 

2.0 

26573 

Mar.  24 

V.  Blight. 

Slight. 

0.34 

2.95 

1.25 

.0002 

.0166 

.0136 

.0030 

.14 

.0020 

.0001 

0.44 

0.6 

27010 

May     2 

Slight. 

Cons. 

1.14 

1  5.55 

2.65 

.0052 

.0476 

.0404 

.0072 

.34 

.0020 

.0000 

1.33 

1.4 

27129 

May  16 

V.  slight. 

V.  slight. 

1.00 

4.75 

2.25 

.0028 

.0392 

.0382 

.0010 

.25 

.0010 

.0000 

1.10 

l.S 

27555 

June  22 

V.  slight. 

Slight. 

1.30 

6.75 

3.35 

.0032 

.0530 

.0492 

.00.38 

.29 

.0030 

.0000 

1.58 

1.0 

27842 

July  19 

Slight. 

Slight. 

0.63 

5.50 

2.10 

.0006 

.0340 

.0318 

.0022 

.27 

.0040 

.0000 

0.81 

1.8 

28284 

Aug.  19 

V.  slight. 

Cons., 

0.38 

6.05 

2.15 

.0036 

.0356 

.0276 

.0080 

.52 

.0030 

.0001 

0.64 

2.0 

28857 

Oct.     2 

V.  slight. 

iron. 
None. 

0.29 

6.25 

1.75 

.0302 

.0288 

.0276 

.0012 

.62 

.0040 

.0001 

0.56 

2.0 

29081 

Oct.   18 

V.  Blight. 

Slight. 

0.55 

6.00 

2.30 

.0168 

.0366 

.0338 

.0028 

.78 

.0040 

.0004 

0.76 

1.7 

29462 

Nov.  21 

None. 

V.  slight. 

0.63 

8.05 

2.55 

.0014 

.0306 

.0292 

.0014 

.49 

.0040 

.0002 

1.07 

2.3 

29748 

Dec.  21 

V.  slight. 

Slight. 

0.56 

7.10 

2.25 

.0054 

.0296 

.0276 

.0020 
.0031 

.89 

.38 

.0040 
.0036 

.0000 

0.98 
0.89 

2.3 

Av  .. 

0.66 

5.65 

2.20 

.0075 

.0325 

.0294 

.0001 

1,6 

Odor,  generally  faintly  vegetable,  sometimes  unpleasant  or  musty,  becoming  stronger  on  heating. 

The  samples  were  collected  from  the  river  at  the  bridge  on  Belmont  Street,  about  1,000  feet  below 

the  fllter-beds  of  the  town  of  Westborough. 

Chemical  Examination  of  Water  from  Assabet  River,  below  Hudson. 

[Parts  per  100,000.] 


S 

o 

O 

o 

s. 

oi 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 
S 

Nitrogen 

A8 

s 

3 
C 

o 

c 

§0 

o 

B 

3 

H 

a 

03 

o 
o 

o 

i 

!l 

o 

6 

En 

albuminoid. 

u 

g 

S 

.s 
a 

a 
Iz; 

1 

> 
1 

5 

•a 
■S 

c 
■H 

27487 
28224 
28653 
29062 
29398 

1899. 

June  20 

Aug.  15 
Sept.  18 
Oct.    17 
Nov.  14 

Slight. 
Slight. 
V.  slight. 
Decided. 
Decided. 

Cons. 

Cons. 

Slight. 

Cons., 

iron. 
Cons. 

.60 
.52 
.35 
.52 
.50 

5.05 
8.15 
11.15 
10.40 
6.75 

2.00 
2.90 
5.10 
3.00 
2.05 

.0034 
.0010 
.0240 
.0604 
.0136 
.0205 

.0366 
.0452 
.0436 
.0608 
.0424 

.0320 
.0412 
.0400 
.0460 
.0324 

.0046 
.0040 
.0036 
.0148 
.0100 

0.41 
0.60 
0.90 
1.41 
0.69 
0.80 

.0040 
.0000 
.0000 
.0010 
.00.50 

.0004 
.0000 
.0012 
.0001 
.0003 
.0004 

.75 
.78 
.56 
.81 
.77 
.73 

1.7 
1.6 
2.0 
3.3 
2.0 

Av... 

50 

8.30 

3.01 

.0457 

.0383 

.0074 

.0020 

2.1 

Odor,  generally  unpleasant,  sometimes  vegetable  and  musty,  becoming  stronger  on  heating. The 

samples  were  collected  from  the  river  at  the  O'Neil  bridge,  bo  called,  about  a  mile  below  the  village  of 
Hudson. 
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ASSABET  RIVER, 

Chemical  Examinatio7i  of  Water  from  Assabet  Biver,  beloiv  Maynard. 

[Parts  per  100,000.] 


,3 

"o 
o 

o 

2 

C3 

Q 

Appbarancb. 

Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

c 
0.49 

Nitrogen 

AS 

■d 

i 

s 
u 
c 

1 

X 

0 

is 
s 

3 

1 

o 
o 
O 

■3 
0 

c 
0 

3 

6 

6h 

ALBUMINOID. 

2 

'l-< 

g 

s 

25 

1 

1 

s 

•d 
1  c 

CO 

1 

27489 

1899. 

June  20 

Decided. 

Cons. 

.60 

5.50 

1.60 

.0032 

.0440 

.0342 

.0098 

.0020 

.0002 

.65 

2.0 

27826 
28205 

July  18 
Aug.  14 

Decided. 
Slight. 

Cons., 

floe. 
Cons. 

.66 

.47 

6.90 
7.00 

2.40 

2.55 

.0760 
.0084 

.0488 
.0436 

.0360 
.0352 

.0128 
.0084 

0.67 
0.59 

.0090 
.0030 

.0005 
.0001 

.69 

.57 

1.8 
1.1 

28737 

Sept.  26 

Decided. 

Cons. 

.35 

6.05 

1.80 

.0048 

.0360 

.0288 

.0072 

0.91 

.0020 

.0003 

.51 

1.7 

29050 

Oct.   17 

Decided. 

Cons. 

.40 

7.25 

2.15 

.0120 

.0388 

.0294 

.0094 

1.11 

.0070 

.0006 

.58 

1.8 

29375 

Nov.  14 

Decided. 

Slight. 

.60 

7.50 

2.75 

.0064 
.0185 

.0372 

.0328 

.0044 
.0087 

0.63 
0.73 

.0030 

.0002 
.0003 

.74 
.62 

2.0 

Av... 

.51 

6.70 

2.21 

.0414 

.0327 

.0043 

1.7 

Odor,  generally  distinctly  unpleasant,  sometimes  musty. The  samples  were  collected  from  the 

river,  near  the  works  of  the  American  Powder  Company. 


Blackstone  River. 
The  regular  monthly  examinations  of  the  water  of  the  Blackstone 
River  have  been  continued  as  in  previous  years  and  the  results  are 
given  in  the  tables  which  follow.  The  first  of  the  tables  is  taken 
from  a  report  of  the  superintendent  of  sewers  of  the  city  of  Worces- 
ter for  the  year  ending  Nov.  30,  1899,  and  contains  the  monthly 
averages  of  analyses  made  by  the  city  of  samples  of  sewage  and 
effluent  collected  at  the  Worcester  Precipitation  Works,  and  the 
percentage  of  matters  removed  by  treatment  at  these  works.  Ac- 
cording to  the  above-mentioned  report  there  were  treated  during 
the  year  ending  Nov.  30,  1899,  an  average  of  about  17,100,000 
gallons  per  day  of  mingled  sewage  and  brook  water  taken  from  the 
Mill  Brook  Channel,  and  about  1,204  pounds  of  quick-lime  were 
used  for  each  million  gallons  of  sewage  treated.  The  effluent  from 
the  precipitation  works  and  the  excess  of  flow  of  Mill  Brook  over 
the  amount  treated  were  discharged  into  the  Blackstone  River.  The 
second  and  third  tables  show  the  averages  for  each  year  and  for  the 
six  dry  months  of  each  year  of  the  chemical  analyses  of  samples  of 
water  collected  at  various  points  along  the  river. 
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blackstone  river. 

Worcester  Sewage  Purification  Works. 

Abstracf^of  Analyses  of  Seicage  and  Effluent  made  by  the  City  of  Worcester. 

[Taken  from  the  annual  report  of  the  superintendent  of  sewers  of  the  city  of  Worcester  for  the 

year  ending  Nov.  30,  1899.] 

[Parts  per  100,000.] 


Ammonia. 

Oxygen 
Consumed. 

fa 

ALBUMINOID. 

DATE  OF  COLLECTION. 

"3 
1 

> 
o 

5 

"d 

■3 
B 

0. 

3 

CO 

■d 

B 

•d 

i 

s 
0 

Sewage,  December,  1898, 

.669 

.314 

.145 

.169 

3.61 

2.02 

3.48 

Effluent,  December,  1898, 

.583 

.172 

.157 

.015 

1.86 

1.86 

3.58 

Per  cent,  removed,  . 

12.85 

43.95 

—7.65 

91.11 

48.48 

8.60 

-2.85 

Sewage,  January,  1899, . 

.593 

.281 

.158 

.123 

3.30 

1.95 

3.66 

Effluent,  January,  1899, 

.539 

.152 

.143 

.009 

1.88 

1.88 

3.43 

Per  cent,  removed,  . 

9.10 

45.91 

9.49 

92.68 

43.08 

3.59 

6.28 

Sewage,  February,  1899, 

.716 

.353 

.193 

.160 

4.18 

2.51 

4.41 

Effluent,  February,  1899, 

.645 

.190 

.181 

.009 

2.26 

2.26 

4.38 

Per  cent,  removed,  . 

9.92 

46.17 

6.22 

94.39 

45.93 

9.96 

0.68 

Sewage,  March,  1899,     . 

.450 

.266 

.141 

.125 

3.32 

2.02 

2.99 

Effluent,  March,  1899,    . 

.405 

.147 

.138 

.009 

1.74 

1.74 

2.95 

Per  cent,  removed,  . 

10.00 

44.73 

2.13 

92.81 

44.59 

13.87 

1.33 

Sewage,  April,  1899, 

.519 

.266 

.146 

.220 

3.33 

1.69 

3.69 

Effluent,  April,  1899,      . 

.451 

.139 

.132 

.007 

1.55 

1.55 

3.60 

Per  cent,  removed,  . 

13.10 

47.74 

9.58 

94.17 

53.46 

8.28 

2.44 

Sewage,  May,  1899, 

1.234 

.577 

.323 

.254 

6.09 

3.22 

6.36 

Effluent,  May,  1899, 

1.106 

-.266 

.255' 

.011 

2.92 

2.92 

6.47 

Per  cent,  removed,  . 

10.37 

53.91 

21.05 

95.68 

52.06 

9.32 

-1.70 

Sewage,  June,  1899, 

1.302 

.616 

.264 

.352 

6.53 

3.37 

7.60 

Effluent,  June,  1899, 

1.145 

.276 

.260 

.016 

3.07 

3.07 

7.70 

Per  cent,  removed,  . 

12.14 

55.20 

1.53 

95.45 

52.99 

8.90 

—1.32 

Sewage,  July,  1899, 

1.469 

.640 

.287 

.353 

6.47 

3.29 

8.05 

Effluent,  July,  1899, 

1.356 

.281 

.269 

.012 

3.35 

3.35 

8.35 

Per  cent,  removed,  . 

7.69 

56.10 

6.27 

96.61 

48.22 

—1.82 

-0.37 

No.  34.] 
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BliACKSTONE  RIVER. 

Worcester  Sewage  Purification  Works  —  Concluded. 

[Parts  per  100,000.] 


Ammonia. 

Oxygen 
Consumed. 

ALBUMINOID. 

DATE  OF  COLLECTION. 

•d 

^ 

6 

"5 
o 

> 
o 

5 

■a 

B 

o. 
s 
m 

5 

•6 

c 
o 

Sewage,  August,  1899,   . 

1.373 

.612 

.278 

.334 

6.76 

3.71 

7.91 

EflluSnt,  August,  1899,  . 

1.231 

.254 

.240 

.014 

3.24 

3.24 

8.14 

Per  cent,  removed,  . 

10.31 

58.82 

13.68 

95.81 

52.08 

12.67 

-2.91 

Sewage,  September,  1899,      . 

1.344 

.584 

.324 

.260 

7.31 

4.27 

7.10 

Effluent,  September,  1899,     . 

1.240 

.257 

.244 

.013 

3.25 

3.25 

7.20 

Per  cent,  removed,  . 

7.74 

60.00 

24.69 

94.99 

55.64 

23.89 

—1.41 

Sewage,. October,  1899,  . 

1.777 

.652 

.315 

.337 

8.23 

4.96 

8.01 

Effluent,  October,  1899, . 

1.589 

.277 

.269 

.008 

3.71 

3.71 

8.08 

Per  cent,  removed,  . 

10.45 

57.51 

14.61 

97.63 

54.92 

25.20 

-0.87 

Sewage,  November,  1899, 

1.702 

.593 

.280 

.313 

8.29 

5.49 

7.52 

Effluent,  November,  1899,     . 

1.547 

.253 

.246 

.007 

3.77 

3.77 

8.00 

Per  cent,  removed,  . 

9.11 

57.33 

12.14 

97.77 

54.51 

31.25 

—6.38 

Sewage  for  year  ending  Dec.  1, 1899, 

1.097 

.480 

.237 

.243 

5.63 

3.24 

5.87 

Effluent  for  year  ending  Dec.  1, 1899, 

.988 

.222 

.211 

.011 

2.71 

2.71 

6.00 

Per  cent,  removed,  . 

9.93 

53.73 

10.97 

95.53 

51.73 

16.36 

—2.23 

Note.  —  Monthly  averages  are  made  from  daily  analyses  of  sewage  and  effluent.  The  daily  sewage 
samples  consist  of  forty-eight  portions  taken  half  hourly.  Sewage  samples  are  taken  as  nearly  as  pos- 
sible  in  proportion  to  the  amount  of  sewage  being  received  at  the  time  of  the  sampling.  Effluent  sam- 
ples consist  of  twenty-four  portions  taken  hourly. 
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BLACKSTOlSrE  RIVER. 

Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 
FOR  THE  Years  1888  to  1899,  inclusive. 

Blackstone  River  between  Mill  Brook  Channel  and  the  Setvage  Precipitation  Works. 

[Parts  per  100,000.] 


Residue  ok 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

S 

albuminoid. 

YEAR. 

■c 

■6 

•0 

o 

EH 

o 

1 

o 

5 

■a 
1  c 

a  o- 

5 

"3 
2 

1 

2 

a 
"E 

W 

1888 

0.64 

.2112 

.1040 

1.21 

.0370 

.0029 

1889, 

0.76 

_ 

_ 

.2841 

.1198 

.0629 

.0569 

1.06 

.0235 

.0024 

_ 

1890, 

0.82 

- 

_ 

.1800 

.1024 

.0549 

.0475 

1.03 

.0367 

.0014 

_ 

1891, 

0.80 

13.54  4.00 

.3340 

.1563 

.0840 

.0723 

1.73 

.0333 

.0032 

4.6 

1892, 

0.71 

16.28  4.85 

.2530 

.1262 

.0627 

.0635 

1.84 

.0312 

.0061 

4.9 

1893, 

0.68 

17.95 

4.88 

.1429 

.0603 

.0325 

.0277 

1.04 

.0180 

.0012 

4.5 

1894, 

0.86 

17.17 

5.58 

.0739 

.0570 

.0304 

.0266 

0.88 

.0195 

.0006 

3.7 

1895, 

0.84 

13.40 

4.02 

.0.507 

.0374 

.0229 

.0145 

0.86 

.0175 

.0007 

2.9 

1896, 

0.75 

12.69 

3.37 

.0759 

.0486 

.0.309 

.0177 

1.01 

.0187 

.0010 

2.9 

1897, 

0.94 

17.62 

5.31 

.0715 

.0533 

.0306 

.0227 

0.77 

.0151 

.0015 

2.9 

1898, 

0.50 

13.52 

4.34 

.0762 

.0557 

.0259 

.0298 

0.83 

.0167 

.0011 

3.5 

1899, 

0.26 

25.33 

8.08 

.1921 

.0751 

.0360 

.0391 

1.20 

.0109 

.0010 

9.7 

Blackstone  River  at  Uxbridge. 


Blackstone  River  at  Millville. 


Blackstone  River  below  Sewage  Precipitation 

Works. 

1888 

0.64 

.2112 

.1040 

1.21 

.0370 

.0029 

1889 

0.76 

_ 

_ 

.2841 

.1198 

.0629 

.0569 

1.06 

.0235 

.0024 

_ 

1890 

0.74 

_ 

_ 

.2253 

.1177 

.0581 

.0596 

1.26 

.0381 

.0016 

- 

1891 

0.80 

15.62 

4.52 

.4080 

.1303 

.0695 

.0608 

1.91 

.0358 

.0031 

4.6 

189? 

0.53 

19.35 

5.29 

.3633 

.1442 

.0737 

.0705 

2.21 

.0278 

.0033 

7.2 

1893 

0.74 

25.65 

6.54 

.3757 

.1447 

.0864 

.0583 

1.98 

.0369 

.0070 

7.4 

1894 

0.60 

25.75 

6.61 

.4228 

.1309 

.0946 

.0363 

2.13 

.0316 

.0047 

7.9 

1895 

0.79 

19.14 

4.78 

.2298 

.0840 

.0573 

.0267 

1.52 

.0347 

.0040 

5.8 

1896 

0.40 

24.28 

6.86 

.2645 

.0930 

.0615 

.0315 

1.91 

.0356 

.0071 

8.3 

1897 

0.75 

19.94 

4.59 

.2447 

.0843 

.0630 

.0213 

1.33 

.0300 

.0047 

5.4 

1898 

0.49 

19.41 

5.20 

.2260 

.0725 

.0473 

.0252 

1.30 

.0264 

.0072 

6.6 

1899 

0.30 

32.48 

7.90 

.3908 

.1337 

.0749 

.0588 

2.37 

.0176 

.0053 

12.0 

1888,   .   .    .   . 

0.45 

.0979 

.0284 

_ 

0.61 

.0322 

.0008 

_ 

1889, 

0.28 

- 

- 

.0992 

.0300 

.0191 

.0109 

0.60 

.0253 

.0009 

- 

1890, 

0.25 

_ 

_ 

.1168 

.0214 

.0152 

.0062 

0.66 

.0272 

.0006 

- 

1891, 

0.27 

8.32 

1.94 

.1647 

.0272 

.0197 

.0075 

0.77 

.0396 

.0008 

2.8 

1892, 

0.21 

8.59 

1.90 

.2113 

.0222 

.0153 

.0069 

0.82 

.0326 

.0007 

2.8 

1893, 

0.40 

9.45 

1.91 

.1603 

.0256 

.0167 

.0089 

1.00 

.0424 

.0029 

3.2 

1894, 

0.51 

10.80 

1.97 

.1372 

.0242 

.0187 

.0055 

1.22 

.0460 

.0032 

4.0 

1895, 

0.64 

10.56 

2.44 

.1081 

.0315 

.0243 

.0072 

1.05 

.0439 

.0037 

3.9 

1896, 

0.42 

10.77 

2.50 

.1209 

.0308 

.0249 

.0059 

1.09 

.0405 

.0054 

4.2 

1897, 

0.59 

10.31 

2.50 

.1126 

.0298 

.0248 

.0050 

1.04 

.0481 

.0035 

3.8 

1898, 

0.58 

8.72 

2.30 

.0818 

.0305 

.0232 

.0073 

0.84 

.0360 

.0046 

3.2 

1899, 

0.26 

14.06 

2.51 

.2298 

.0374 

.0297 

.0077 

1.59 

.0331 

.0078 

5.6 

1888,   

0.47 

.0444 

.0253 

0.44 

.0242 

.0005 

_ 

1889, 

0.38 

_ 

_ 

.0450 

.0277 

.0206 

.0071 

0.43 

.0160 

.0004 

- 

1890, 

0.34 

_ 

_ 

.0587 

.0211 

.0162 

.0049 

0.46 

.0240 

.0004 

- 

1891, 

0.32 

6.05 

1.83 

.0807 

.0293 

.0194 

.0099 

0.55 

.0275 

.0005 

1.9 

1892, 

0.35 

6.03 

1.62 

.0896 

.0249 

.0180 

.0069 

0.54 

.0218 

.0004 

1.8 

1893, 

0.40 

6.23 

1.53 

,0899 

.0288 

.0225 

.0063 

0.66 

.0289 

.0008 

2.0 

1894, 

0.49 

6.37 

1.90 

.0528 

.0219 

.0173 

.0046 

0.73 

.0232 

.0008 

2.5 

1895, 

0.58 

7.47 

2.27 

•0501 

.0253 

.0189 

.0064 

0.74 

.0278 

.0016 

2.7 

1896, 

0.40 

7.34 

1.64 

.0549 

.0248 

.0185 

.0063 

0.76 

.0347 

.0018 

2.8 

1897, 

0.53 

7.07 

2.14 

.0528 

.0262 

.0219 

.0043 

0.73 

.0332 

.0014 

2.6 

1898, 

0.55 

6.43 

1.95 

.0456 

.0258 

.0201 

.0055 

0.61 

.0222 

.0016 

2.3 

1899, 

0.28 

8.95 

2.04 

.0985 

.0267 

.0221 

.0046 

0.88 

.0220 

.0029 

3.2 

No.  34.] 


EXAMINATION   OF   RIYEES. 
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blackstone  river. 

Averages  of  Chemical  Analyses  of  Water  from  the  Blackstone  River 
FOR  Six  Months,  from  June  to  November,  1887  to  1899,  inclusive. 

Blackstone  River  between  Mill  Brook  Cha?inel  and  the  Seivage  Precipitation  Works. 

[Parte  per  100,000.] 


Kesidce  on 

Evapora- 

Ammonia. 

Nitrogen 

tion. 

c 

ALBUMINOID. 

MONTHS. 

'6 

OD 

u 

« 

n 

ffl 

> 
o 

■a 

c 
o 

ffl 

s 

i 

■a 

U 

M 

s  o. 

s. 

it; 

.ti 

OS 

O 

H 

^A 

fc( 

Sh 

a 

m 

o 

% 

'A 

IS 

June-Nov.,  1887, 

0.91 

_ 

_ 

.2686 

.1741 

_ 

_ 

1.35 

.0160 

_ 

_ 

"   1888, 

0.76 

_ 

_ 

.2658 

.1112 

.0557 

.0555 

1.50 

.0382 

.0041 

_ 

"   "   1889, 

0.86 

- 

- 

.3980 

.1430 

.0772 

.0658 

1.32 

.0177 

.0026 

_ 

"    "   1890, 

1.14 

9.92 

3.03 

.2107 

.1246 

.0673 

.0573 

1.07 

.0250 

.0015 

2.9 

"   1891, 

1.10 

17.42 

5.59 

.4913 

.1950 

.1127 

.0823 

2.29 

.0192 

.0037 

5.0 

"   1892, 

0.52 

20.75 

6.30 

.3547 

.1433 

.0708 

.0725 

2.43 

.0227 

.0108 

6.1 

"   "   1893, 

0.40 

16.98 

4.55 

.1480 

.0588 

.0240 

.0348 

1.01 

.0115 

.0015 

6.3 

"    "   1894, 

0.66 

16.93 

4.76 

.0548 

.0380 

.0236 

.0144 

0.74 

.0115 

.0005 

4.4 

"   "   1895, 

0.49 

14.17 

4.50 

.0613 

.0414 

.0243 

.0171 

0.92 

.0163 

.0006 

3.4 

"    "   1896, 

0.51 

12.90 

2.93 

.0780 

.0415 

.0282 

.0133 

0.97 

.0147 

.0015 

3.4 

"   "   1897, 

0.85 

26.45 

7.68 

.1130 

.0674 

.0362 

.0312 

0.89 

.0090 

.0024 

4.2* 

"    "   1898, 

0.33 

17.42 

5.62 

.0857 

.0619 

.0260 

.0369 

0.96 

.0053 

.0010 

4.6 

"   "   1899, 

0.14* 

34.38 

10.60 

.2583 

.0788 

.0390 

.0398 

1.55t 

.0050t 

.0004 

14.3 

Blackstone  River  below  Sewag 

e  Precipitation 

Works. 

June-Nov.,  1887, 

0.91 

_ 

_ 

.2686 

.1741 

_ 

_ 

1.35 

.0160 

_ 

_ 

••   "   1888, 

0.76 

- 

_ 

.2658 

.1112 

.0557 

.0555 

1.50 

.0382 

.0041 

_ 

"    "   1889, 

0.86 

- 

- 

.3980 

.1430 

.0772 

.0658 

1.32 

.0177 

.0026 

_ 

"    "   1890, 

0.97 

11.36 

3.10 

.2907 

.1492 

.0722 

.0770 

1.46 

.0270 

.0018 

3.9 

"    "   1891, 

1.05 

22.25 

6.60 

.6367 

.1508 

.0883 

.0625 

2.61 

.0233 

.0040 

6.2 

"   1892, 

0.63 

26.80 

7.75 

.5240 

.1810 

.0958 

.0852 

3.13 

.0137 

.0050 

10.3 

"    "   1893, 

0.51 

30.00 

7.13 

.5680 

.1453 

.0900 

.0553 

2.76 

.0285 

.0126 

10.9 

"    "   1894, 

0.40 

29.30 

5.86 

.6189 

.1390 

.1113 

.0277 

2.63 

.0212 

.0071 

10.6 

"    "   1895, 

0.71 

22.15 

5.18 

.3246 

.0898 

.0597 

.0301 

1.86 

.0267 

.0063 

7.3 

"    "   1896, 

0.30 

26.03 

6.53 

.2831 

.0898 

.0600 

.0298 

2.10 

.0217 

.0118 

9.7 

"   "   1897, 

0.73 

25.98 

4.97 

.3650 

.1122 

.0782 

.0340 

1.61 

.0207 

.0063 

6.9 

"    "   1898, 

0.23 

25.63 

6.73 

.3064 

.0868 

.0560 

.0308 

1.55 

.0132 

.0119 

9.2 

"    "   1899, 

•      • 

0.14* 

44.02 

9.67 

.5251 

.1707 

.0912 

.0795 

3.26 

.0108* 

.0068 

16.1 

Blackstone  River  at  Uxbridge. 


June-Nov.,  1887,  . 

0.39 

_ 

_ 

.1129 

.0271 

_ 

0.79 

.0360 

"   "   1888 

0.38 

6.42 

1.52 

.1155 

.0288 

.0222 

.0066 

0.68 

.0310 

.0007 

_ 

"   1889 

0.32 

- 

_ 

.1133 

.0296 

.0192 

.0104 

0.66 

.0333 

.0009 

_ 

"    "   1890 

0.26 

8.86 

2.12 

.1629 

.0231 

.0174 

.0057 

0.79 

.0259 

.0005 

2.9 

"   "   1891 

0.20 

10.16 

2.61 

.2280 

.0175 

.0117 

.0058 

1.04 

.0425 

.0007 

3.6 

"    "   1892 

0.13 

9.36 

1.88 

.2840 

•0227 

.0162 

.0065 

0.99 

.0313 

.0007 

3.1 

"    "   1893 

0.24 

11.74 

2.37 

.1985 

.0207 

.0140 

.0067 

1.20 

.0623 

.0050 

4.2 

"   1894 

0.35 

13.07 

2.03 

.1456 

.0243 

.0183 

.0060 

1.57 

.0673 

.0050 

4.9 

"    "   1895 

t 

0.56 

12.95 

2.69 

.0906 

.0258 

.0182 

.0076 

1.34 

.0631 

.0065 

4.7 

"    "   1896 

0.33 

12.68 

2.67 

.1129 

.0257 

.0221 

.0036 

1.38 

.0477 

.0091 

5.0 

"   1897 

0.48 

11.60 

2.47 

.1029 

.0280 

.0215 

.0065 

1.32 

.0652 

.0051 

4.3 

"    "   1898 

0.49 

10.59 

2.78 

.0801 

.0264 

.0219 

.0045 

1.00 

.0470 

.0076 

3.8 

"    "   1899 

0.18 

18.34 

3.11 

.2490 

.0359 

.0310 

.0049 

2.17 

.0510 

.0141 

7.4 

Blackstone  River  at  Millville. 


June-Nov.,  1887,  . 

0.31 

_ 

_ 

.0468 

.0220 

_ 

_ 

0.51 

.0210 

"   "   1888,  . 

0.41 

5.22 

1.40 

.0467 

.0296 

.0233 

.0063 

0.50 

.0278 

.0004 

_ 

"   "   1889,  . 

0.38 

- 

- 

.0499 

.0273 

.0213 

.0060 

0.45 

.0167 

.0003 

_ 

"   "   1890,  . 

0.26 

6.71 

2.24 

.0736 

.0196 

.0152 

.0044 

0.53 

.0229 

.0003 

2.3 

"   1891,  . 

0.24 

7.48 

2.35 

.1105 

.0384 

.0234 

.0150 

0.72 

.0308 

.0006 

2.2 

"   1892,  . 

0.37 

6.70 

1.62 

.1143 

.0294 

.0210 

.0084 

0.63 

.0217 

.0002 

2.0 

"    "   1893,  . 

0.23 

7.43 

1.73 

.0677 

.0119 

.0087 

.0031 

0.77 

.0385 

.0011 

2.6 

"   1894,  . 

0.47 

8.42 

2.16 

.0510 

.0172 

.0139 

.0033 

0.89 

.0273 

.0012 

2.8 

"    "   1895,  . 

0.51 

8.67 

2.55 

.0356 

.0233 

.0180 

.0053 

0.90 

.0383 

.0024 

3.2 

"    "   1896,  . 

0.35 

8.53 

1.69 

.0484 

.0237 

.0180 

.0057 

0.97 

.0413 

.0027 

3.3 

"    "   1897,  . 

0.45 

7.66 

1.98 

.0509 

.0258 

.0210 

.0048 

0.92 

.0445 

.0019 

3.1 

"    "   1898,  . 

0.51 

7.12 

2.17 

.0325 

.0240 

.0193 

.0047 

0.63 

.0240 

.0023 

2.5 

"   1899,  . 

0.20 

12.50 

2.44 

.1310 

.0301 

.0247 

.0054 

1.31 

.0310 

.0049 

4.6 

*  Average  of  five  months.  f  Average  of  two  months. 

t  Average  of  five  months.    No  sample  was  obtained  in  June. 
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BLACKSTONE  RIVER. 

Chemical  Examination  of  Water  from  Blackstone  River,  between  Mill 

[Parts  per  100,000.] 


1 

i 

Appearance. 

Residue  on  Evaporation. 

TOTAL  RESIDUE. 

LOSS 

ON  IGNITION. 

■6 

■6 

•6 

'6 

tM 

Turbidity. 

Sediment. 

a 

3 

c« 

"o 

OT  m 

sO. 

"q 

.2  ^ 

§p, 

^ 

o 

o 

H 

a 

on 

t- 

Q 

t» 

. 

1899. 

1 

25988 

Jan.     18 

Decided. 

Heavy. 

- 

8.20 

8.00 

0.20 

3.20 

3.10 

0.10 

2 

26244 

Feb.    17 

Decided. 

Heavy. 

.50 

24.00 

14.00 

10.00 

10.20 

3.80 

6.40 

3 

26499 

Mar.    15 

Decided. 

Cons. 

.67 

6.90 

5.80 

1.10 

2.70 

1.90 

0.80 

4 

26937 

Apr.    25 

Decided,  iron. 

Heavy,  iron. 

.20 

12.10 

9.00 

3.10 

3.50 

1.50 

2.00 

5 

27153 

May     17 

Slight,  milky. 

Heavy,  iron. 

.03 

21.40 

17.00 

4.40 

6.70 

5.00 

1.70 

6 

27553 

June    21 

Decided. 

Heavy,  iron. 

.11 

46.10 

39.30 

6.80 

7.60 

5.30 

2.30 

7 

27915 

July     27 

Decided. 

Heavy,  iron. 

.14 

22.20 

17.20 

5.00 

6.30 

4.10 

2.20 

8 

28250 

Aug.    16 

Decided,  iron. 

Heavy,  iron. 

.13 

27.70 

17.95 

9.75 

9.50 

7.00 

2.50 

9 

28700 

Sept.   21 

Decided,  iron. 

Heavy,  iron. 

.29 

34.50 

32.70 

1.80 

11.40 

11.00 

0.40 

10 

29082 

Oct.     18 

Decided,  iron. 

Cons.,  iron. 

- 

17.60 

15.30 

2.30 

4.00 

2.70 

1.30 

11 

29419 

Nov.    15 

Decided. 

Heavy. 

.04 

58.20 

53.20 

5.00 

24.80 

22.10 

2.70 

12 

29733 

Dec.    20 

Decided,  iron. 

Heavy,  iron. 

.50 

25.00 

20.60 

4.40 

7.00 

5.30 

1.70 

IS 

Av 

?fi 

25.33 

20.84 

4.49 

8.08 

6.07 

2.01 

Odor,  distinctly  musty  and  disagreeable,  sometimes  unpleasant. The  samples  were  collected 

28700  and  29082  on  Thursday,  No.  26244  on  Friday,  and  the  other  samples  on  Wednesday.    The  samples 


Chemical  Examination  of  Water  from  Blackstone  River, 

[Parts  per  100,000.] 


a 
o 

o 

Appearance. 

Besidub  on  Evaporation. 

TOTAL  RESIDUE. 

LOSS 

ON  IGNITION. 

•6 

•6 

-d 

■d 

Turbidity. 

Sediment. 

a 

o 

o 

a 

1  o 

1  c 

■3 

1   o 

Szi 

0 

U 

H 

Q 

OQ 

Eh 

« 

03 

1S99. 

1 

25989 

Jan. 

IS 

Decided. 

Heavy. 

- 

8.00 

7.30 

0.70 

3.40 

3.30 

0.10 

9, 

26245 

Feb. 

17 

Decided. 

Heavy. 

.30 

41.20 

33.50 

7.70 

15.60 

10.50 

5.10 

,S 

26500 

Mar. 

15 

Decided. 

Cons. 

.65 

8.80 

7.30 

1.50 

3.00 

1.80 

1.20 

4 

26938 

Apr. 

25 

Decided,  iron. 

Cons.,  iron. 

.68 

13.60 

12.00 

1.60 

4.00 

2.50 

1.50 

5 

27154 

May 

17 

1  Decided,  iron. 

Heavy,  iron. 

.08 

21.80 

18.80 

3.00 

4.80 

4.00 

0.80 

6 

27554 

June 

21 

Decided. 

Cons. 

.10 

30.00 

28.00 

2.00 

12.50 

11.00 

1.50 

7 

27916 

July 

27 

Decided. 

Heavy,  iron. 

.21 

51.50 

47.10 

4.40 

8.50 

7.10 

1.40 

8 

28251 

Aug. 

16 

Decided,  iron. 

Heavy,  iron. 

.09 

49.10 

46.75 

2.35 

7.10 

6.60 

0.50 

9 

28701 

Sept. 

21 

Decided,  iron. 

Heavy,  iron. 

- 

39.50 

37.00 

2.50 

6.50 

6.30 

0.20 

10 

29083 

Oct. 

IS 

Decided,  iron. 

Heavy,  iron. 

.25 

60.00 

31.60 

28.40 

17.60 

5.30 

12.30 

11 

29420 

Nov. 

15 

Decided. 

Heavy,  iron. 

.06 

34.00 

26.50 

7.50 

5.80 

4.40 

1.40 

12 

29734 

Dec. 

20 

Decided,  iron. 

Heavy,  iron. 

.55 

32.20 

29.20 

3.00 

6.00 

5.10 

0.90 

13 

Av     . 

.30 

32.48 

27.09 

5.39 

7.90 

5.66 

2.24 

Odor,  distinctly  musty  and  disagreeable,  sometimes  unpleasant. The  samples  were  collected 

cipitation  Works  enters  the  river.    No.  26938  was  collected  on  Tuesday,  Nos.  27916,  28701  and  29083  on 
between  the  hours  of  9.45  a.m.  and  2.30  p.m. 


No.  34.] 


EXAMINATION   OF   EIVEES. 
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BLACKSTONE  RIVER. 

Brook  Channel  and  the  Worcester  Sewage  Precipitation  Works. 

[Parts  per  100,000.] 


Ammonia. 

Nitrogen  as 

Oxygen 

cohsijmed. 

Iron. 

ALBUMINOID. 

•6 

■6 

■d 

■6 

i 

•6 

-o 

^ 

^ 

0 

S 

.2 

6 

■3 

r    0 

2 

'V, 

ti 

0 

« 

-2 

0 

5 

go. 

GO 

3 

^ 

g 

'£, 

03 

a 

P 

S 

.0944 

.0612 

.0456 

.0156 

0.48 

.0130 

.0013 

1.04 

0.84 

2.1 

0.2000 

0.1800 

1 

.2920 

.1610 

.0540 

.1070 

2.09 

.0180 

.0027 

2.21 

0.91 

4.2 

1.1600 

0.5600 

.0672 

.0404 

.0256 

.0148 

0.38 

.0240 

.0005 

0.61 

0.49 

1.4 

0.2700 

0.1300 

3 

.0820 

.0630 

.0268 

.0362 

1.16 

.0080 

.0012 

1.22 

0.51 

3.1 

1.3600 

0.5690 

4 

.1440 

.0550 

.0265 

.0285 

_ 

.0030 

.0024 

1.16 

0.75 

8.1 

2.4000 

1.7200 

5 

.9120 

.1480 

.0640 

.0840 

_ 

.0030 

.0000 

1.80 

1.29 

18.5 

0.7200 

0.0080 

6 

.1260 

.0820 

.0430 

.0390 

1.75 

.0070 

.0002 

1.47 

0.95 

8.9 

1.5200 

1.1720 

7 

.1600 

.0540 

.0230 

.0310 

_ 

_ 

.0005 

1.32 

0.90 

11.1 

2.4000 

0.0800 

8 

.1520 

.0500 

.0320 

.0180 

_ 

_ 

.0014 

1.62 

1.44 

11.5 

4.8800 

4.3600 

9 

.1360 

.0860 

.0460 

.0400 

1.35 

_ 

.0000 

1.32 

0.72 

6.6 

2.0000 

0.9200 

10 

.0640 

.0530 

.0260 

.0270 

_ 

,0005 

2.96 

1.47 

31.5 

5.1200 

3.C800 

11 

.0760 

.0480 

.0200 

.0280 

- 

- 

.0010 

1.26 

0.83 

11.0 

3.5000 

1.6800 

12 

.1921 

.0751 

.0360 

.0391 

1.20 

.0109 

.0010 

1.50 

0.92 

9.7 

2.1275 

1.2549 

13 

from  the  river,  about  200  feet  below  the  iron  bridge, 
were  collected  between  9.30  a.m.  and  2.15  p.m. 


No.  26937  was  collected  on  Tuesday,  Nos.  27915, 


beloiv  the  Worcester  Seivage  Precipitation  Works. 

[Parts  per  100,000.] 


AMMONIA.                           ] 

a 
0 
0 

Nitrogen  as 

Oxygen 
Consumed. 

1 

Iron. 



ALBUMINOID. 

1 

■6 

S 
c 

■6 

Em 

■3 
1 

•a 

> 

1  0 

5 

■d 

•a 

3  ^ 

■3 

in 

.0976 

.0580 

.0356 

.0224 

0.54 

.0200 

.0010 

0.92 

0.76 

2.2 

0.2120 

0.1700 

1 

.3000 

.1790 

.0650 

.1140 

_ 

.0025 

3.20 

1.86 

19.5 

4.2640 

3.8400 

2 

.0736 

.0360 

.0284 

.0076 

0.43 

.0240 

.0008 

0.52 

0.46 

2.3 

0.2900 

0.1650 

3 

.1500 

.0810 

.0520 

.0290 

1.23 

.0340 

.0030 

1.09 

0.63 

3.8 

0.5000 

0.2150 

4 

.3500 

.1065 

.0665 

.0400 

1.91 

.0280 

.0120 

0.76 

0.55 

8.0 

0.5200 

0.0100 

5 

.0984 

.0476 

.0324 

.0152 

3.76 

_ 

.0003 

1.70 

1.44 

10.5 

3.2000 

2.7600 

6 

.9400 

.1840 

.1490 

.0350 

4.86 

.0200 

.0150 

2.03 

2.01 

21.5 

0.2200 

0.0170 

7 

.6160 

.0940 

.0790 

.0150 

2.31 

.0030 

.0000 

0.80 

0.68 

23.0 

1.0000 

0.0080 

8 

.4080 

.1170 

.1000 

.0170 

3.07 

.0070 

.0240 

1.44 

1.19 

15.0 

1.4400 

0.6860 

9 

.6800 

.4540 

.1100 

.3440 

3.35 

.0020 

.0000 

4.80 

1.04 

13.6 

3.5000 

0.0300 

10 

.4080 

.1280 

.0770 

.0510 

2.23 

.0220 

.0016 

1.54 

1.03 

13.0 

1.7200 

0.4200 

11 

.5680 

.1190 

.1040 

.0150 

2.42 

.0160 

.0036 

1.70 

1.36 

12.1 

1.5500 

0.3600 

12 

.3908 

.1337 

.0749 

.0588 

2.37 

.0176 

.0053 

1.71 

1.08 

12.0 

1.5347 

0.7234 

13 

from  the  river,  above  Millbury  and  below  the  point  where  the  effluent  from  the  Worcester  Sewage  Pre- 
Thursday,  No.  26245  on  Friday,  and  the  other  samples  on  Wednesday.    The  samples  were  collected 
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BLACKSTONE  RIVER. 

Chemical  Examination  of  Water  from  Blackstone  River,  at  Uxbridge. 

[Parts  per  100,000.] 
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fe             EH 
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u 
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Z 
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B 

1899. 

25990 

Jan.   19 

Decided. 

Heavy. 

.60 

5.75 

1.65 

.0656 

.0528 

.0272 

.0256 

0.44 

.0160 

.0010 

.45 

2.1 

26241 

Feb.  16 

Decided. 

Cons. 

.22 

10.25 

2.25 

.1920 

.0424 

.0320 

.0104 

1.08 

.0180 

.0014 

.38 

4.0 

26501 

Mar.  16 

Decided. 

V.  slight. 

.41 

4.20 

1.30 

.0266 

.0220 

.01821.0038 

0.30 

.0160!  0005 

.36 

1.4 

26957 

Apr.  26 

Decided. 

Cons. 

.38 

6.55 

1.60 

.1020 

.0292 

.0236L0056 

0.58 

.0140!.0017 

.36 

2.2 

27143 

May  18 

Decided. 

Cons. 

.26 

10.10 

1.75 

.1488 

.0360 

.0236  .0124 

0.96 

.0160 

.0024 

..32 

3.9 

27639 

June  21 

Decided. 

Slight. 

.23 

13.75 

2.60 

.2049 

.0287 

.0268'. 0019 

1.47 

.0180 

.0200 

.39 

6.9 

27841 

July  19 

Slight. 

V.  Blight. 

.20 

17.15 

2.70 

.0812 

.0340 

.03281.0012 

1.94 

.0860 

.0280 

.42 

7.0 

28260 

Aug.  17 

Slight. 

Slight. 

.11 

18.90 

3.80 

.0880 

.0256 

.0216;.  0040 

2.14 

.0900 

.0200 

.36 

7.7 

28704 

Sept.  21 

Decided. 

Cons. 

.14 

20.25 

3.70 

.2200 

.0400 

.0350;.  0050 

2.43 

.0640 

.0120 

.37 

8.6 

29071 

Oct.   19 

Decided. 

Slight. 

.12 

21.00 

3.00 

.4120 

.0400 

.0310 

.0090 

2.55 

.0310 

.0036 

.33 

8.6 

29421 

Nov.  16 

Decided. 

Cons. 

.26 

19.00 

2.85 

.4880 

.0470 

.0390 

.0080 

2.49 

.0170 

.0012 

.36 

6.9 

29750 

Dec.  22 

Decided. 

Slight. 

.15 

21.85 

2.90 
2.51 

.7280 

.0510 
.0374 

.0460 

.0050 
.0077 

2.71 
1.59 

.0110 

.0020 

.43 
.38 

8.4 

Av... 

.26 

14.06 

.2298 

.0297 

.0331 

.0078 

5  fi 

Odor,  generally  faintly  musty,  occasionally  unpleasant  or  vegetable,  becoming  stronger  on  heating. 

The  samples  veere  collected  from  the  canal  leading  from  the  upper  dam  of  the  Calumet  Woolen 

Company  to  the  mill,  just  before  the  water  passed  the  screens. 


Chemical  Examination  of  Water  from  Blackstone  Biver  at  Millville,  Blackstone. 

[Parts  per  100,000.] 


Residue  on 
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Ammonia. 
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AS 

a 

3 
1 

>. 

^ 

c 
c 
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■a 
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2 
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IZi 

a 

H 

OQ 

U 

1^ 

H 

Q 

w 

o 

iS 

s 

O 

'Ji 

1899. 

25992 

Jan.  19 

Decided. 

Slieht. 

.47 

5.75 

2.40 

.0412 

.0276 

.0224 

.0052 

0.44 

.0300 

.0007 

.42 

1.7 

26240 

Feb.  16 

Decided. 

Slight. 

.26 

7.30 

1.85 

.0976 

.0236 

.0192 

.0044 

0.71 

.01901.0011 

.31 

8.3 

26518 

Mar.  16 

Slight. 

Slight. 

.32 

3.30 

0.85 

.0164 

.0180 

.0154  .0026 

0.25 

.0070!.0002 

.32 

0.8 

26951 

Apr.  26 

Slight. 

Slight. 

.40 

4.75 

1.40 

.0466.0184 

.0160  .0024  0.4.5 

.0060  .0011 

.36 

1.4 

27142 

May   18 

Decided. 

Slight. 

.28 

5.65 

1.50 

.0640 

.0232 

.0172  .0060,;0.54 

.0030  .0010 

.37 

2.1 

27551 

June  22 

Slight. 

Slight. 

.15 

12.30 

2.55 

.1320 

.0330 

.0296. 0035!;  1.07 

.0170  .0100 

.42 

4.2 

27806 

July  18 

Slight. 

Slight. 

.16 

12.05 

2.15 

.0306 

.0232 

.0192  .0040 

1.25 

.0700  .0090 

.35 

4.4 

28259 

Aug.  17 

Slight. 

V.  slight. 

.20 

13.95 

2.90 

.0476:. 0264 

.0228  .0036 

1.50 

.0540  .0048 

.3b- 

4.9 

28705 

Sept.  21 

Decided. 

Cons. 

.21 

10.00 

2.05 

.07601.0380 

.0240  .0140 

1.16 

.0160;.  0020 

.39 

3.9 

29073 

Oct.   19 

Decided. 

Slight. 

.19 

14.25 

2.40 

.20801.0330 

.0290 

.0040 

1.61 

.0170  .0024 

.35 

5.4 

29426 

Nov.  17 

Decided. 

Slight. 

.30 

12.45 

2.60 

.2920 

.0270 

.0240 

.0030 

1.26 

.0120 

.0012 

.45 

4.6 

29744 

Dec.  21 

Decided. 

Slight. 

.32 

11.00 

2.20 

.2400 
.1068 

.0348 
.0272 

.0336 

.0012 
.0045 

1.03 
0.94 

.0080 
.0216 

.0005 

.56 
.39 

3.6 

Av... 

.27 

9.40 

2.07 

.0227 

.0028 

.3.4 

Odor,  generally  musty  or  vegetable,  occasionally  unpleasant  or  disagreeable,  becoming  stronger  on 
heating. The  samples  were  collected  from  the  river,  just  above  the  dam  in  the  village  of  Millville. 
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CHARLES  RIVER. 


Charles  Rivee. 
Chemical  Examination  of  Water  from  Charles  Biver,  below  Milford. 

[Parts  per  100,000.] 
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Appearance. 

Evapora- 
tion. 
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1899. 

27460 

June  15 

Decided. 

Cons. 

.75 

15.95 

3.25 

.4880 

.0920 

.0670 

.0250 

4.68 

.0010 

.0000 

1.12 

3.0 

27745 

July  12 

Slight. 

Cons. 

.51 

4.45 

2.15 

.0140 

.0560 

.0416 

.0144 

0.46 

.0040 

.0003 

I0.94 

0.5 

28080 

Aug.    7 

Decided. 

Cons. 

.40 

17.05 

3.65 

.4320 

.1760 

.1000 

.0760 

4.17 

.0000  .0000 

|1.34 

4.2 

28673 

Sept.  19 

V.dec'd. 

Heavy. 

_ 

21.35 

4.85 

.9720 

.3040 

.1760 

.1280 

6.15 

.0010 

.0000 

1.90 

3.5 

29014 

Oct.    12 

Decided. 

Cons. 

.50 

9.50 

2.70 

.0920 

.1070 

.0580 

.0490 

1.76 

.0130 

.0030 

0.79 

2.9 

29378 

Nov.  13 

Decided. 

Cons. 

.36 

6.85 

2.10 

.0945 

.0720 

.0390 
.0803 

.0330 

0.76 
3.00 

.0130 

.0018 

,0.64 

|5l72 

1.8 

Av... 

.50 

12.52 

3.12 

.3487 

.1345 

.0542 

.0053 

.0008 

2.6 

■ 

Odor  in  September,  offensive;  at  other  times,  musty  and  unpleasant  or  disagreeable. 


Chemical  Examination  of  Water  from  Charles  Biver  at  Needham. 

[Parts  per  100,000.] 
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Jan.  15 

V.  slight. 

V.  slight. 

.48 

4.10 

1.75 

.0004 

.0146 

.0138  .0008 

.32 

.0130  .0001 

.62 

1.1 

26237 

Feb.  16 

V.  slight. 

V.  slight. 

.39 

4.70 

1.80 

.0044 

.0146 

.0180  .0016 

.40 

. 0320 1. 0002 

.52 

1.3 

26460 

Mar.  13 

V.  slight. 

V.  Blight. 

.30 

2.95 

1.15 

.0004 

.0132 

.0116  .0016 

.25 

.0030;. 0001 

.42 

0.5 

26683 

Apr.    7 

V.  slight. 

V.  slight. 

.35 

2.85 

1.50 

.0004 

.0156 

.0150 

.0006 

.23 

.0040  .0000 

.45 

0.5 

27102 

May  15 

Slight. 

Slight. 

.75 

4.20 

2.25 

.0004 

.0296 

.0268 

.0028 

.29 

.0090!.  0001 

.82 

1.0 

27467 

June  19 

V.  slight. 

V.  slight. 

.50 

4.55 

2.10 

.0006 

.0252 

.0234 

.0018 

.35 

.0040  .0001 

.61 

1.6 

27786 

July  17 

V.  slight. 

V.  slight. 

.40 

4.45 

1.60 

.0008 

.0232 

.0218 

.0014 

.39 

.0020  .0000 

.59 

1.3 

28194 

Aug.  14 

V.  slight. 

V.  slight. 

.44 

4.75 

2.10 

.0000 

.0240 

.0226 

.0014 

.38 

.0020  .0000 

.63 

1.6 

28638 

Sept.  18 

V.  Blight. 

Slight. 

.32 

5.00 

1.75 

.0004 

.0260 

.0244 

.0016 

.47 

.0010  .0001 

.48 

1.6 

29055 

Oct.   18 

V.  slight. 

V.  slight. 

.48 

6.50 

1.90 

.0010 

.0268 

.0238 

.0030 

.51 

.0050 

.0000 

.63 

2.0 

29367 

Nov.  13 

Slight. 

V.  Blight. 

.70 

6.50 

2.40 

.0010 

.0292 

.0272 

.0020 

.50 

.0050 

.0001 

.90 

1.7 

29692 

Dec.  19 

Decided. 

Cons. 

.44 

5.90 

1.60 

.0002 

.0210 

.0192 

.0018 

.47 
.38 

.0120 

.0001 

.65 
.60 

2.0 

Av... 

.46 

4.70 

1.82 

.0008 

.0219 

.0202 

.0017 

.0077 

.0001 

1.3 

Odor,  generally  vegetable  or  none,  sometimes  unpleasant  and  mouldy. The  samples  were 

collected  from  the  river,  at  Dedham  Avenue  bridge. 
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CHARLES  RIVER. 

Chemical  Examination  of  Water  from  Charles  River,  opposite  the  Filter-gallery  of 
the  Brookline  Water  Works  at  West  Roxbury. 

[Parts  per  100,000.] 
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Jan.   17 

V.  slight. 

V.  Blight. 

.47 

4.10 

1.75 

.0006 

.0142 

.0134 

.0008 

.33 

.0110 

.0000 

..54 

1.1 

26279 

Feb.  20 

Slight. 

Slight. 

.24 

3.70 

1.50 

.0046 

.0234 

.0220  .0014 

.33 

.0170 

.0004 

.39 

0.8 

26469 

Mar.  13 

V.  Blight. 

V.  slight. 

.32 

2.85 

1.35 

.0008 

.0154 

.0140  .0014 

.25 

.0060  .0001 

.42 

0.6 

26706 

Apr.  10 

V.  slight. 

V.  slight. 

.37 

3.50 

1.75 

.0006 

.0204 

.0192  .0012 

.26 

.0030'. 0000 

.54 

0.5 

27124 

May  16 

V.  Blight. 

V.  Blight. 

.70 

8.75 

2.60 

.0020 

.0298 

.0278 '.0020 

.29 

.0090'. 0001 

.83 

1.3 

27519 

June  20 

V.  slight. 

V.  slight. 

.42 

4.10 

1.55 

.0006 

.0262 

.0226  .0036 

.32 

.0030'.  0001 

.56 

1.1 

27796 

July  17 

V.  slight. 

V.  slight. 

.40 

4.45 

1.55 

.0006 

.0228 

.02201.0008 

.41 

1.0020  .0000 

.57 

1.8 

28211 

Aug.  14 

V.  slight. 

V.  Blight. 

.51 

4.85 

1.90 

.0006 

.0280 

.0212  .0068 
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1.0040  .0000 

.65 
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28647 
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Slight. 

.32 
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2.00 

.0004 

.0240 

.0222  .0018 

.48 

.ooool.oooo 

..S9 

1.4 

29034 

Oct.   17 

V.  slight. 

Slight. 

.43 

5.65 

2.15 

.0024 

.0284 

.0244. 0040 

..53 

.00101.0002 

.64 

1.7 

29370 

Nov.  13 

Slight. 

V.  slight. 

.71 

6.60 

2.40 

.0022 
.0014 

.0280 

.0256  .0024 
0213'  1091 

.54 
.38 

.0050  .0001 
0055-  nnoi 

.90 

.58 

1.7 

Av... 

.44 

4.83 

1.86 

.0237 

1.2 

Odor,  generally  faintly  vegetable. 


Chemical  Examination  of   Water  from   Charles  River,  opiposite  the   Well  of  the 

Waltham  Water  Works. 

[Parts  per  100,000.] 


Residue  on 

a 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

u 

3 

1 

d 

albuminoid. 

^ 

O 

>. 

•6 

■d 

o 

i 

a 

o 

■a 
1 

S 

o 

a 

©a 

6 

3 

> 

T3 

c 
o 

•2 
2 

S. 

1 

c 
•a 

'A 

Q 

Eh 

cc 

U 

B 

ij 

E» 

Eh 

Q 

CO 

O 

2i 

?; 

o 

S 

1899. 

25994 

Jan.  20 

Slight. 

Slight. 

.43 

5.05 

1.95 

.0016 

.0196 

.0160 

.0036 

.37 

.0230 

.0001 

.53 

1.6 

26229 

Feb.   15 

Slight. 

Slight. 

.39 

5.25 

2.00 

.0038!.  0264 

.0262 

.0002 

.42 

.0120 

.0001 

.50 

1.7 

26491 

Mar.  15 

Slight. 

V.  slight. 

.33 

3.15 

1.50 

.0012'. 0140 

.0132 

.0008 

.23 

.0090 

.0000 

.41 

0.8 

26908 

Apr.  25 

Decided. 

Cons. 

.47 

4.00 

1.60 

.0006  .0210 

.0194 

.0016 

.29 

.0060 

.0001 

.66 

1.7 

27126 

May  17 

V.  slight. 

Slight. 

.71 

4.80 

1.95 

.0334  .0332 

.0314 

.0018 

.35 

.0100 

.0000 

.76 

1.8 

27516 

June  21 

Slight. 

V.  sliEtht. 

.52 

5.05 

1.60 

.0042  .0272 

.0244  .0028 

.41 

.0025 

.0002 

.53 

1.6 

27829 

July  19 

V.  slight. 

V.  Bligljjt. 

.44 

4.90 

1.25 

.0036  .0256 

.02521.0004 

.49 

.0030 

.0000 

.48 

2.0 

28229 

Aug.  16 

V.  slight. 

V.  slight. 

.38 

5.75 

2.50 

.0038 '.0246 

.0238  .0008 

.47 

.0030 

.0002 

.45 

1.6 

28681 

Sept.  20 

Slight. 

Slight. 

.20 

4.95 

1.45 

.0042  .0218 

.02121.0006 

.56 

.0070 

.0001 

.36 

2.0 

29057 

Oct.    18 

Slight. 

V.  Blight. 

.40 

5.85 

1.90 

.0060  .0308 

.02681.0040 

.58 

.0060 

.0002 

1.56 

2.0 

29413 

Nov.  15 

Slight. 

Slight. 

.55 

6.50 

2.15 

.00641.0282 

.0274 

.0008 

.56 

.0090 

.0003 

.75 

2.0 

29714 

Dec.  20 

Slight. 

V.  slight. 

.53 
.45 

6.40 

1.80 

.0046;. 0254 
0036I-091S 

.0242 

.0012 

.54 
.44 

.0140 

.0002 

.59 
.55 

2.1 

Av... 

5.14 

1.80 

.0233 

.0015 

.0087 

.0001 

1.7 

Odor,  generally  faintly  vegetable,  sometimes  earthy  or  none. 
samples  became  stronger. 


On  heating,  the  odor  of  most  of  the 
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chicopee  kiver. 
Chicopee  River. 

Chemical  Examination  of  Water  from  the  Quaboag  River ^  above  Palmer. 

[Parts  per  100,000.] 


c 
o 

o 
Q 

o 

CS 

P 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

o 
o 

.18 
.27 
.20 
.28 
.25 
.24 

Nitrogen 
as 

•6 

3 

3 

c 

5 

bo 
O 

is 

3 

1 

t/3 

o 
o 
O 

3 

"o 

S 
ft 

3 

fa 

albuminoid. 

1 
1 

2 

i 

3 
'A 

o 
S 

■S 
1  c 

3  » 
CO 

a 

■s 

27634 
28240 
28707 
29015 
29471 

1899. 

July    4 

Aug.  16 
Sept.  22 
Oct.   13 
Nov.  22 

Slight. 

Slight. 

Decided. 

Slight. 

Slight. 

Cons., 

earthy. 
Cons. 

Slight. 

V.  slight. 

Blight. 

.45 
.30 
.44 
.33 
.36 

3.90 
4.90 
4.50 
4.80 
4.10 

1.75 
2.00 
2.00 
1.75 
1.25 

.0040 
.0016 

.0026 
.0004 
.0004 

.0258 
.0324 
.0230 
.0190 
.0170 

,0226 
.0248 
.0218 
.0172 
.0160 

.0032 
.0076 
.0012 
.0018 
.0010 

.0100 
.0040 
.0020 
.0010 
.0100 

.0001 
.0001 
.0001 
.0001 
.0001 

.51 

.62 
.60 
.35 
,39 
.49 

1.3 
0.8 
1.4 
1.4 
1.1 

Av... 

.38 

4.44 

1.75 

.0018 

.0234 

.0205 

.0029 

.0054 

.0001 

^.9. 

Odor,  distinctly  vegetable. 


Chemical  Examination  of  Water  from  the  Quaboag  River,  beloiv  Palmer, 

[Parts  per  100,000.] 


Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

as 

a 

..: 

albuminoid. 

O 

>. 

ti 

■c 

•a 

CJ 

u 

jn 

a 

o 

3 

a 

i 

« 

°a 

« 

> 
o 

■a 

c 
o 

.■S 

to 

•3 

'A 

Q 

B 

50 

u 

H 

^ 

fa 

H 

Q 

CO 

o 

Z, 

z 

o 

a 

1899. 

27635 

July    4 

Slight. 

Slight. 

.40 

4.15 

1.65 

.0046 

.0238 

.0186 

.0052 

.21 

.0060 

.0001 

.45 

1.0 

28241 

Aug.  16 

Slight. 

Cons. 

.30 

4.95 

1.85 

.0024 

.0280 

.0216 

.0064 

.27 

.0040 

.0002 

.41 

0.8 

28708 

Sept.  22 

Decided. 

Slight. 

.89 

4.50 

1.75 

.0056 

.0292 

.0242 

.0050 

.24 

.0040 

.0002 

.55 

1.3 

29016 

Oct.   13 

V.  slight. 

V.  slight. 

.26 

4.60 

1.65 

.0072 

.0212 

.0184 

.0028 

.31 

.0060 

.0004 

.38 

1.3 

29472 

Nov.  22 

Decided. 

Cons. 

.40 

4.50 

1.50 

.0044 

.0238 

.0212 

.0026 

.26 
.26 

.0100 

.0002 
.0002 

.41 

.44 

1.3 

Av... 

35 

4.54 

1.68 

.0048 

.0252 

.0208 

.0044 

.0060 

1  1 

Odor,  vegetable,  becoming  sometimes  unpleasant  on  heating. 
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CHICOPEE  KIVER. 

Chemical  Examination  of  Water  from  Swift  River  at  BarretCs  Junction. 

[Parts  per  100,000.] 


1 

"S 
o 

o 

"3 

Q 

Appearance. 

Residde  on 
Evapora- 
tion. 

Ammonia. 

o 
o 

.09 

Nitrogen 

AS 

■d 

a 

n 
o 

o 

2 
S 

3 

EH 

a) 

a 

1 

CO 

o 
o 

o 
El 

tOI-l 

3 

i 

ALBUMINOID. 

1 

1 

■3 

> 
o 

5 

02 

a 
■a 

1 

27627 

1899. 

June  29 

V.  slight. 

Slight. 

.45 

3.75 

1.70 

.0002 

.0216 

.0184 

.0032 

.0000 

.0000 

.59 

0.8 

27848 

July  20 

V.  slight. 

V.  slight. 

.46 

4.15 

1.40 

.0018 

.0200 

.0164 

.0036 

.14 

.0030 

.0000 

.63 

1.3 

28255 

Aug.  16 

Slight. 

Cons. 

.34 

4.50 

1.55 

.0008 

.0164 

.0146 

.0018 

.16 

.0010 

.0000 

.43 

1.6 

28712 

Sept.  22 

V.  Blight. 

Cons. 

.49 

4.60 

1.80 

.0004 

.0212 

.0174 

.0038 

.18 

.0010 

.0001 

.55 

1.3 

29072 

Oct.   18 

Decided. 

Cons. 

.52 

5.00 

1.80 

.0004 

.0316 

.0232 

.0084 

.19 

.0010 

.0000 

.66 

1.7 

29618 

Dec.  11 

Slight. 

V.  slight. 

.37 

4.10 

1.50 

.0006 

.0156 

.0146 

.0010 

.16 

.0060 

.0003 

.48 

1.0 

Av... 

<1'1 

4.33 

1.62 

.0007 

.0211 

.0174 

.0037 

.15 

.0020 

.0001 

.56 

1.3 

Odor,  generally  faintly  vegetable;  in  October,  faintly  unpleasant, 
from  the  river,  near  site  of  old  bridge,  back  of  pulp  mill. 


•  The  samples  were  collected 


Chemical  Examination  of  Water  from  Chicopee  River,  below  Ludlow. 

[Parts  per  100,000.] 


_o 

o 
O 

o 

ts 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

o 
O 

Nitrogen 

AS 

-d 

a 

s 
1 

•1 

0 

1" 

is 
s 

s 
Eh 

1 

■3 

o 

1 

o 

albuminoid. 

1 

a 

"3 
o 

Eh 

•6 

o 

5 

•d 

-a 
1  c 
m  a> 
S  D. 

00 

1 

1S99. 

27556 

June  23 

Slight. 

Slight. 

.50 

4.40 

1.40 

.0044 

.0276 

.0260 

.0016 

.17 

.0050 

.0002 

.60 

0.8 

27805 

July  18 

Slight. 

Slight. 

.43 

4.10 

1.75 

.0026 

.0240 

.0186 

.0054 

.17 

.0080 

.0002 

.59 

1.0 

28206 

Aug.  14 

V.  slight. 

Slight. 

.37 

4.85 

1.90 

.0044 

.0240 

.0224 

.0016 

.22 

.0040 

.0002 

.41 

1.3 

28657 

Sept.  19 

Slight. 

Slight. 

.33 

4.95 

1.70 

.0040 

.0246 

.0216 

.0030 

.29 

.0180 

.0002 

.36 

1.3 

29038 

Oct.  17 

Slight. 

Cons. 

.32 

4.90 

1.50 

.0064 

.0288 

.0218 

.0070 

.35 

.0120 

.OOO2 

.42 

1.4 

29381 

Nov.  14 

Decided. 

Slight. 

.38 

4.55 

1.65 

.0064 

.0240 

.0220 

.0020 

.26 
.24 

.0100 

.OOOi 
.0002 

.56 
.49 

1.3 

Av... 

RP  i 

4.62 

1.65 

.0047 

.0255 

.0221 

.0034 

.0095 

1.2 

Odor,  generally  faintly  unpleasant,  occasionally  vegetable  or  musty. 
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connecticut  river. 

Connecticut  Eiver. 

Chemical  Examination  of  Water  from  the  Connecticut  River,  at  Northfield  Farms. 

[Parts  per  100,000.] 


Residue  on 

. 

c 

Appbabancb. 

Evapora- 

Ammonia. 

Nitrogen 

'^ 

o 

tion. 

H 

c 

albuminoid. 

O 

_^ 

•a 

■d 

<u 

o 

g 

a 

3 

o 

•a 
'2 
s 

a 

■3 

o 

o 

°S 

£ 

1 

> 

-a 
1  c 
3  p. 

o 
2 

1 

S 

1 

c3 

^ 

Q 

El 

M 

U 

E-i 

J 

fa 

H 

Q 

ca 

O 

!2; 

|Zi 

o 

a 

1S99. 

27557 

June  23 

Slight. 

Slight. 

.27 

6.85 

1.75 

.0012 

.0228 

.0180 

.0048 

.07 

.0020 

.0002  0.68 

.S.l 

27857 

July  22 

V.  slight. 

Slight. 

.20 

7.00 

1.90 

.0006 

.0164 

.0150 

.0014 

.08 

.0030 

.0001  0.79 

3.5 

28281 

Aug.  19 

V.  slight. 

Slight. 

.20 

7.40 

1.85 

.0024 

.0144 

.0124 

.0020 

.11 

.0010 

.0001' 0. 58 

3.9 

28692 

Sept.  20 

Slight. 

Slight. 

.19 

7.20 

1.60 

.0028 

.0184 

.0142 

.0042 

.14 

.0010 

.00010.. 52 

4.2 

29036 

Oct.   16 

Slight. 

V.  slight. 

.28 

8.75 

3.10 

.0020 

.0172 

.0146 

.0026 

.16 

.0010 

.0001,  1.31 

4.2 

29357 

Nov.  11 

Decided. 

Cons. 

.64 

6.75 

2.85 

.0006 

.0242 

.0208 
.0158 

.0034 

.13 
.11 

.0060 

.0001 

1.21 
0.85 

2.9 

Av... 

.30 

7.32 

2.17 

.0016 

.0189 

.0031 

.0023 

.0001 

3.6 

Odor  in  July,  none;  at  other  times,  vegetable. 

Chemical  Examination  of  Water  from  the  Connecticut  River  at  Northampton. 


[Parts  per  100,000.] 


Residue  on 



c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

■o 

1 

tion. 

3 

c 

albuminoid. 

o 

>. 

■a 

•a 

oj 

■ 

M 

a 

s 

o 
-2 

■a 
B 
u 

3 

a 

o 

a 

=  5) 

S 

o 

> 

,    B 

C 
u 
o 

a 

'S 

bo 
>> 

s 

■s 

"A 

Q 

EH 

M 

O 

e          ^ 

fa 

H 

Q 

CO 

O 

^; 

\^ 

O 

a 

1S99. 

2nAi 

July  12 

V.  slight. 

V.  slight. 

.30 

5.75 

1.80 

.0018 

.0232 

.0214 

.0018 

.09 

.0030 

.0001 

.70 

2.6 

Odor,  faintly  vegetable,  becoming  distinctly  vegetable  on  heating, 
from  the  river  near  the  Hadley  bridge. 


■The  sample  was  collected 


Chemical  Examination  of  Water  from  the  Connecticut  River,  below  Springfield. 

[Parts  per  100,000.] 


Residue  on 

o 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

tion. 

3 
S 

o 

o 

>, 

c 

o 

*3 

albuminoid. 

■o 

■d 

a 

3 

o 

•a 

■■s 

3 

a 

■3 

o 

a 

°U 

i 

O 

■a 
3  a 

c 

1 

1 

bn 
'A 

d 

03 

!2i 

O 

Eh 

i» 

O 

H 

iJ 

fa 

Eh 

O 

m 

O 

a 

'A 

O 

a 

1899. 

27456 

June  15 

Slight. 

Cons. 

.22 

5.35 

1.00 

.0066 

.0250 

.0192 

.0058 

.23 

.0040 

.0003 

.49 

3.3 

27682 

July     6 

V.  slight. 

Slight. 

.36 

6.05 

1.60 

.0122 

.0196 

.0178 

.0018 

.16 

.0040 

.0003 

.59 

2.7 

28075 

Aug.    7 

V.  slight. 

Blight. 

.43 

6.30 

1.85 

.0122 

.0224 

.0186 

.0038 

.20 

.0040 

.0001 

.72 

2.9 

28551 

Sept.  11 

V.  slight. 

Cons. 

.38 

7.35 

2.65 

.0096 

.0286 

.0236 

.0050 

.29 

.0060 

.0004 

.73 

2.6 

28965 

Oct.   10 

Slight. 

Cons. 

.28 

7.75 

2.75 

.0110 

.0222 

.0188 

.0034 

.28 

.0010 

.0002 

.77 

4.0 

29278 

Nov.    7 

Slight. 

Cons. 

.29 

6.85 

2.10 

.0042 

.0252 
.0238 

.0192 

.0060 

.20 
.23 

.0060 

.0003 
.0003 

.73 
.67 

3.3 

Av... 

33 

6.61 

1.99 

.0093 

.0195 

.0043 

.0042 

3.1 

Odor,  faintly  vegetable  or  unpleasant;  in  August,  musty  and  disagreeable. The  samples  were 

collected  from  the  river  at  the  South  End  bridge.    The  samples  were  made  up  of  portions  taken  at  each 
pier  of  the  bridge. 
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FRENCH  RIVER. 


French  River. 

Chemical  Examination  of  Water  from  French  River,  below  Webster. 

[Parts  per  100,000.] 


c 

o 

o 

o 
O 

o 

s. 

Q 

Appeaeancb. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

1 
o 

.37 

.25 

NiTBOGEN 
AS 

1 

3 
S 

o 
O 

1 

o 

2 
S 
1-1 

3 

1 

m 

1 

o 
O 

3 

o 
Eh 

c 
.2 

§1 
o 

1 

albuminoid. 

2 

^ 

g 

i 
1 
1 

3 

o 

> 
1 

s 

-d 
•a 

3  P. 
31 

3 

■a 

s 

SI 

27397 
27708 

1899. 

June  10 

July  10 

Decided. 
Slight. 

Cons., 

floe. 
Cons. 

.40 
.42 

6.25 
4.45 

2.75 
1.50 

.0228 
.0112 

.0700 
.0444 

.0374 
.0264 

.0326 
.0180 

.0020 
.0050 

.0018 
.0002 

.68 
.61 

1.3 
1.1 

28056 

Aug.    5 

Slight. 

Cons. 

.43 

5.85 

1.95 

.0208 

.0500 

.0312 

.0188 

.38 

.0010  .0004 

.66 

2.0 

28561 

Sept.  11 

Slight. 

Cons. 

.60 

5.60 

2.05 

.0312 

.0464 

.0340 

.0124 

.43 

.0020  .0004 

.58 

1.7 

28908 

Get.     6 

Decided. 

Cons. 

.37 

6.20 

2.10 

.0332 

.0952 

.0632 

.0320 
.0228 

.68 
.42 

.0020 

.0005 
.0007 

.75 
.66 

2.0 

Av... 

.44 

5.67 

2.07 

.0238 

.0612 

.0384 

.0024 

1.6 

Odor,  distinctly  vegetable  or  musty  and  unpleasant. The  samples  were  collected  from  the  river 

below  the  village  of  Webster,  near  the  boundary  line  between  the  states  of  Massachusetts  and  Con- 
necticut. 


HOOSAC   ElVER. 

Chemical  Examination  of  Water  frovi  the  South  Branch  of  the  Hoosac  River,  near 
its  Confluence  with  the  North  Branch  at  North  Adams. 

[Parts  per  100,000.1 


5 

o 

(.^ 
o 

a 

Appearance. 

Hesidce  on 
Evapora- 
tion. 

Ammonia. 

3 
o 

.19 

Nitrogen 

AS 

•d 
1 

3 

i 

c 
o 

ig 
2 

3 
EH 

c 

1 
•5 

Sri 

1 

3 

O 

o 

[£ 

albuminoid. 

1 

IZi 

^ 

■d 
> 
o 

s 

1    3 

3  a 

1 

OS 

27550 

1899. 

June  22 

Slight. 

Slight. 

.15 

11.85 

2.25 

.0124 

.0308 

.0198 

.0110 

.0160 

.0010 

.33 

8.6 

27838 
28238 

July  19 
Aug.  16 

V.  slight. 
Slight. 

Cons., 

floe. 
Cons. 

.14 
.20 

11.75 
14.15 

2.20 
3.90 

.0096 
.0120 

.0328 
.0372 

.0212 
.0184 

.0116 
.0188 

.34 
.39 

.0130 
.0160 

.0012 
.0012 

.31 

.35 

8.7 
8.1 

28688 

Sept.  20 

Slight. 

Cons. 

.18 

13.80 

2.55 

.0075 

.0380 

.0260 

.0120 

.38 

.0220 

.0018 

.27 

10.0 

29066 

Oct.   18 

Slight. 

Cons. 

.24 

13.90 

2.65 

.0016 

.0320 

.0204 

.0116 

.39 

.0210 

.0010 

.28 

11.0 

29411 

Nov.  15 

Decided. 

Slight. 

.15 

12.25 

2.35 

.0040 
.0078 

.0286 

.0214 

.0072 

.28 
.33 

.0210 

.0008 

.31 
.31 

9.3 

Av 

.18 

12.95 

2.65 

.0332 

.0212 

.0120 

.0182 

.0012 

9.3 

Odor,  faintly  musty  or  unpleasant,  becoming  stronger  on  heating  The  samples  were  collected 

from  the  river,  about  a  quarter  of  a  mile  above  its  confluence  with  the  North  Branch. 


No.  34.] 


EXAMINATION   OF   RIVERS. 
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HOOSAC  RIVER. 

Chemical  Examination  of  Water  from  the  North  Branch  of  the  Eoosac  River,  near 
its  Confluence  ivith  the  South  Branch  at  North  Adams. 

[Parts  per  100,000.] 


s 
o 

o 

o 
a) 

I 

Appeakance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 
o 

s 

0.18 
1.10 
0.66 
2.52 
1.52 
0.62 
1.10 

NiTEOGEN 

AS 

■d 

a 

3 

5 
O 

S) 
o 

1 

a 

■a 

i 

« 

B 

1 

£ 

albuminoid,    j 

t.1 

% 

.a 

a 

3 

"3 

i. 

o 

5 

■d 

■§ 
,  c 

"  p. 

a! 
33 

27549 
27837 
28237 
28687 
29065 
29410 

1899. 

June  22 

July  19 
Aug.  16 
Sept.  20 
Oct.    18 
Nov.  15 

Decided. 

Decided. 

Great. 

V.  dec'd. 

Great. 

Decided. 

Heavy, 

earthy. 
Heavy. 

Heavy. 

Heavy. 

Heavy. 

Heavy. 

- 

6.50 
15.15 
16.90 
30.25 
20.75 
14.70 

1.75 
2.90 
4.35 
7.00 
4.40 
4.35 

.0015 
.0450 
.0014 
.0050 
.0024 
.0088 

.0510 
.0570 
.0630 
.0930 
.0620 
.0500 

.0184 
.0205 
.0180 
.0460 
.0400 
.0320 

.0326 
.0365 
.0450 
.0470 
.0220 
.0180 

.0050 
.0020 
.0000 
.0240 
.0060 
.0180 

.0011 
.0040 
.0024 
.0000 
.0100 
.0052 

0.63 
1.08 
1.27 
2.88 
1.71 
1.32 
1.48 

2.9 
5.6 
5.6 
9.4 
7.4 
3.9 

Av... 

17.37 

4.12 

.0107 

.0627 

.0292 

.0335 

.0092 

.0038 

5.S 

Odor,  distinctly  musty  and  unpleasant  or  disagreeable. The  samples  were  collected  from  the 

river,  about  a  quarter  of  a  mile  above  its  confluence  with  the  South  Branch. 


Chemical  Examination  of  Water  Jrom  the  Eoosac  River  at  North  Adams. 

[Parts  per  100,000.] 


c 

Appeakance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

•d 

a 

o 

o 
o 

<s 
Q 

2 

3 

3 

a 

o 
O 

3 

ALBUMINOID. 

3 

0 

s 
0 
0 

to 

0 

a 

3 

■3 
0 

■d 

> 
0 

5 

d 
•a 

3  p. 

1 

B3 

1899. 

27548 

June  22 

Decided. 

Heavy, 

_ 

7.85 

2.40 

0.0785 

.1400 

.0490 

.0910 

0.92 

.0060 

.0026 

0.75 

3.0 

27839 

July  19 

Decided. 

earthy. 
Heavy. 

- 

19.10 

5.25 

1.2820 

.3080 

.1780 

.1300 

1.78 

.0020 

.0000 

0.76 

7.0 

28239 

Aug.  16 

Decided. 

Heavy. 

- 

22.65 

5.95 

1.2000 

.4580 

.1900 

.2680 

2.23 

.0020 

.0000 

1.62 

8.1 

28689 

Sept.  20 

V.  dec'd. 

Heavy. 

- 

24.85 

5.55 

0.4320 

.3960 

.1480 

.2480 

2.21 

.0020 

.0000 

1.58 

10.3 

29067 

Oct.   18 

Decided. 

Heavy. 

- 

29.30 

9.00 

0.8000 

.3580 

.1300 

.2280 

3.20 

.0030 

.0000 

1.06 

10.3 

29412 

Nov.  15 

Decided. 

Heavy. 

- 

18.50 

5.55 

1.4840 

.6000 

.1990 

.4010 

1.94 
2.05 

.0020 

.0004 

1.99 
1.29 

7.4 

Av... 

- 

20.37 

5.62 

0.8711 

.3767 

.1490 

.2277 

.0028 

.0005 

7.7 

1 

Odor,  generally  distinctly  musty  and  unpleasant  or  disagreeable,  becoming  offensive  in  most  of  the 

samples  on  heating. The  samples  were  collected  from  the  river,  near  the  barn  of  the  North  Adams 

Manufacturing  Company  in  Braytonville,  about  three-quarters  of  a  mile  below  the  confluence  of  the 
North  and  South  branches  and  below  the  point  of  discharge  of  the  principal  sewer  in  North  Adams. 
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STATE   BOAED   OF   HEALTH.  [Pub.  Doc. 


HOOSAC  KIVEE. 

Chemical  Examination  of  Water  from  Eoosac  River  at  Williamstown. 

[Parts  per  100,000.] 


1 
o 

o 
O 

o 
Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

1^ 
o 

!q 
o 

.71 

.50 
.15 
.07 

.36 
.60 
.34 

.75 
.84 
.81 

.48 
.36 

Nitrogen 

AS 

■3 
1 

3 

so 
O 

3 

1 
■3 

o 

o 

Eh 

a 
o 

§1 

1 

Em 

albuminoid. 

1 

a 

« 

1 

> 
o 

•S 

1  s 
3  O. 

a 

25967 

26211 
26477 
26922 

27115 
27499 
27825 

28214 
28690 
29064 
29387 
29707 

1899. 

Jan.  17 

Feb.  14 
Mar.  14 
Apr.  25 

May   16 
June  20 
July  18 

Aug.  15 
Sept.  20 
Oct.   18 
Nov.  14 
Dec.  19 

Decided. 

Decided. 
Decided. 
Decided. 

Decided. 

Slight. 

Slight. 

Decided. 
Decided. 
Decided. 
Decided. 
Decided. 

Heavy, 
earthy. 

Cons. 

Slight. 

Cons., 
clayey. 

Cons. 

Cons. 

Cons., 
floe. 

Cons. 

Cons. 

Cons. 

Cons. 

Heavy. 

.40 

.21 
.13 
.14 

.35 
.25 
.22 

.24 
.28 
.42 
.40 

10.30 

14.00 
6.00 
4.70 

11.45 
14.75 
12.00 

16.05 
18.30 
17.85 
12.30 
10.75 

3.00 

4.20 
1.85 
1.15 

2.90 
3.00 
2.35 

4.35 

2.90 
3.60 
3.65 
2.40 

.0268 

.0582 
.0078 
.0002 

.0042 
.0128 
.0260 

.0224 
.0470 
.0148 
.0280 
.0190 

.0532 

.0846 
.0142 
.0100 

.0434 
.0576 
.0420 

.0540 
.0860 
.0828 
.0510 
.0270 

.0252 

.0528 
.0094 
.0072 

.0300 
.0352 
.0282 

.0352 
.0490 
.0484 
.0315 
.0170 

.0280 

.0318 
.0048 
.0028 

.0134 
.0224 
.0138 

.0188 
.0370 
.0344 
.0195 
.0100 

.0220 

.0310 
.0150 
.0100 

.0200 
.0100 
.0080 

.0050 
.0010 
.0020 
.0160 
.0290 

.0004 

.0012 
.0002 
.0002 

.0012 
.0042 
.0014 

.0068 
.0004 
.0024 
.0020 
.0011 

.54 

.40 
.30 
.24 

.64 
.52 
.63 

.50 

.58 
.68 
.79 
.53 

5.7 

8.6 
3.3 
2.9 

6.4 
7.6 

7.0 

8.1 
8.9 
11.0 
7.3 
6.4 

Averages  by  Years. 


1888 
1894 
1895 
1896 
1897 
1898 


.10 

10.21 

1.65 

.0040 

.0187 

.0143 

.0044 

.24 

.0306 

.0010 

.23 

10.77 

2.13 

.0111 

.0265 

.0169 

.0096 

.35 

.0157 

.0009 

.34 

.28 

12.41 

2.95 

.0146 

.0334 

.0207 

.0127 

.39 

.0162 

.0013 

.46 

.21 

11.83 

2.91 

.0261 

.0326 

.0217 

.0109 

.44 

.0323 

.0015 

.44 

.23 

9.92 

2.16 

.0125 

.0273 

.0169 

.0104 

.27 

.0252 

.0008 

.31 

.24 

9.13 

2.20 

.0152 

.0286 

.0180 

.0106 

.26 

.0187 

.0005 

.32 

.28 

12.37 

2.95 

.0223 

.0505 

.0308 

.0197 

.50 

.0141 

.0018 

.53 

7.3 
8.1 

8.1 
6.4 
5.8 


Note  to  analyses  of  1899  :  Odor,  generally  unpleasant,  and  sometimes  vegetable  or  musty  and  dis- 
agreeable.   The  samples  were  collected  from  the  river,  at  the  bridge  near  the  Williamstown  station 

on  the  Fitchburg  railroad. 

HOUSATONIC    KlVER. 

Chemical  Examination  of  Water  from  the  East  Branch  of  the  Housatonic  River,  at 

Pittsfield. 

[Parts  per  100,000.] 


Eesidue  on 

g 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

o 

a 

o 

tion. 

c 
o 

3 

C 
o 
O 

c 

1 

la 
t-i 

1 

^ 

"3 

c 
o 

ALBtlMINOID. 

i 

s 

"3 

> 

■3 
1    B 

'A 

C 

H 

OPD 

u 

B 

1.^ 

fa 

Eh 

Q 

CC 

O 

!z; 

•A 

O 

K 

1899. 

27571 

June  23 

Slight. 

Cons. 

.20 

11.65 

1.75 

.0156  .0312 

.0208 

.0104 

.20 

.0170 

.0006 

.33 

8.0 

28143 

Aug.  10 

V.  slight. 

Cons. 

.38 

9.70 

2.55 

.00801.0316 

.0268 

.0048 

.20 

.0020 

.0003 

.60 

5.0 

28709 

Sept.  22 

Decided. 

Slight. 

.42 

10.00 

2.80 

.0056;. 0356 

.0292 

.0064 

.19 

.0120 

.0003 

.81 

6.0 

29122 

Oct.   24 

Decided. 

Cons. 

.30 

10.35 

2.45 

.0056  .0336 

.0296 

.0040 

.23 

.0150 

.0001 

.60 

6.7 

29479 

Nov.  23 

Decided. 

Cons. 

.28 

10.15 

2.45 

.0056 

.0320 

.0282 

.0038 

.24 
.21 

.0150 

.0002 

.67 
.60 

7.0 

Av. . . 

.32 

10.37 

2.40 

.0081 

.0328 

.0269 

.0059 

.0122 

.0003 

6  *> 

Odor,  distinctly  vegetable  or  unpleasant. The  samples  were  collected  from  the  river,  at  Hatha- 
way bridge,  above  the  thickly  settled  portion  of  the  city. 


No.  34.] 


EXAMINATION   OF   RIVEKS. 
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HOTJSATONIC  RIVER, 

Chemical  Examination  of  Water  from  the  West  Branch  of  the  Housatonic  River, 

at  Pittsfield. 

[Parts  per  100,000.] 


o 
o 

■2 

a 

Appearance. 

Kesidue  on 

EVAPOBA- 
TION. 

Ammonia. 

c 
o 
S 
u 

Nitrogen 

AS 

■d 

a 

3 

C 
o 

u 

p 

C 

is 

3 
3 

1 

CO 

1 
o 
Q 

3 

c 
o 

iS 

ALBDMINOID. 

1 

SI 

o 

Eh 

> 

o 

S 

■d 
■a 

3  o. 

a 

1899. 

275T2 

June  23 

Decided. 

Cons. 

.09 

9.25 

1.50 

.0040 

.0368 

.0244 

.0124 

.17 

.0010 

.0003 

.23 

6.0 

28144 

Aug.  10 

Decided. 

Cons. 

.10 

8.65 

2.40 

.0000 

.0356 

.0216 

.0140 

.27 

.0010 

.0001 

.43 

4.9 

28711 

Sept.  22 

Decided. 

Cons., 
floe. 

.14 

10.00 

2.25 

.0012 

.0324 

.0206 

.0118 

.38 

.0030 

.0002 

.35 

6.7 

29121 

Oct.   24 

Decided. 

Cons. 

.30 

13.25 

3.10 

.0100 

.0580 

.0470 

.0110 

.37 

.0040 

.0002 

.58 

7.4 

29478 

Nov.  23 

Decided. 

Cons. 

- 

11.95 

2.50 

.0116 

.0340 

.0284 

.0056 

.24 
.29 

.0030 

.0002 

.48 
.41 

8.3 

Av... 

.16 

10.62 

2.35 

.0054 

.0394 

.0284 

.0110 

.0024 

.0002 

6.7 

Odor  of  the  first  sample,  faintly  vegetable;  of  the  others,  distinctly  unpleasant. The  samples 

were  collected  from  the  river,  a  short  distance  below  the  junction  of  the  brooks  from  Onota  and  Pon- 
toosue  lakes. 


Chemical  Examination  of  Water  from  the  South-west  Branch  of  the  Housatonic 

River,  at  Pittsfield. 

[Parts  per  100,000.] 


B 
O 

o 

o 
-S 

Q 

Appearance. 

Rksidce  on 
Evapora- 
tion. 

Ammonia. 

o 

Nitrogen 

AS 

■d 

a 

3 

i 

c 
an 

O 

•3 

3 

c 

1 

■5 

o 
o 

o 

o 
o 

i 

albuminoid. 

1 

s 
'A 

o 

•a 
> 
o 

Q 

•6 
'a 

3  P. 

c 
■a 

W 

1899. 

27573 

June  23 

Decided. 

Cons. 

.15 

14.25 

2.50 

.0020 

.0480 

.0316 

.0164 

.11 

.0030 

.0007 

.40 

8.6 

28145 

Aug.  10 

Decided. 

Cons. 

.23 

14.40 

2.35 

.0000 

.0368 

.0224 

.0144 

.17 

.0040 

.0005 

.52 

6.6 

28710 

Sept.  22 

Decided. 

Slight. 

.16 

16.75 

3.00 

.0072 

.0260 

.0198 

.0062 

.20 

.0150 

.0004 

.32 

10.5 

29123 

Oct.   24 

Decided. 

Slight. 

.20 

15.00 

2.40 

.0065 

.0635 

.0210 

.0325 

.17 

.0120 

.0001 

.40 

9.6 

29511 

Nov.  28 

Decided. 

Slight. 

.12 

14.20 

2.65 

.0042 

.0124 

.0106 
.0211 

.0018 

.14 
.16 

.0200 

.0002 

.22 
.37 

10.8 

Av... 

.17 

14.92 

2.58 

.0040 

.0353 

.0142 

.0108 

.0004 

9.2 

Odor,  faintly  unpleasant. The  samples  were  collected  from  the  river,  at  the  first  (Barkerville) 

road  crossing  above  its  confluence  with  the  North  Branch. 
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STATE   BOAED   OF   HEALTH.  [Pub.  Doc. 


HOTJSATOlSriC  KIVER. 

Chemical  Examination  of  Water  from  the  Eousatonic  River,  at  Neiv  Lenox. 

[Parts  per  100,000.] 


Residue  on 

a 

Appeahance. 

Evapora- 

Ammonia. 

Nitrogen 

o 

tion. 

e 
0 
0 

>, 

ALBUMINOID. 

•6 

"S 

a 

o 

OS 

■a 

s 

a 

•3 

c 

o 

"3 

Is 

6 

■3 

> 
0 

■a 
1  g 
a  0. 

■n 

S 

1 

•A 

a 

T3 

'^ 

Q 

Eh 

CO 

O 

B 

a 

fe 

i* 

0 

CO 

U 

'^ 

25 

0 

w 

1899. 

25970 

Jan.   17 

Slight. 

Slight. 

.11 

9.85 

2.10 

.0074 

.0166 

.0120  .0046 

.17 

.0170 

.0006 

.24 

7.7 

26234 

Feb.  15 

Slight. 

Slight. 

.12 

10.25 

2.10 

.0084 

.0154 

.OIO4I.OO50 

.18 

.0230 

.0008 

.28 

8.7 

26481 

Mar.  14 

Slight. 

Slight. 

.18 

5.85 

1.60 

.0048 

.0196 

.0110  .0086 

.06 

.0100 

.0002 

.30 

3.6 

26906 

Apr.  24 

V.  slight. 

Cons., 
earthy. 

.18 

5.25 

1.25 

.0020 

.0106 

.00741.0032 

.08 

.0080 

.0001 

.28 

3.1 

27116 

May  16 

Slight. 

Slight. 

.15 

9.60 

2.25 

.0060 

.0250 

.01881.0062 

.14 

.0080 

.0010 

.80 

7.3 

27506 

June  20 

Slight. 

Cons. 

.12 

12.50 

2.45 

.0460 

.0300 

.0224'. 0076 

.25 

.0100 

.0024 

.30 

8.3 

27823 

July  18 

Slight. 

Cons., 

earthy. 
Cons. 

.18 

13.15 

2.20 

.0416 

.0224 

.0188  .0036 

.36 

.0130 

.0045 

.37 

8.9 

28219 

Aug.  15 

Decided. 

.20 

12.90' 

3.35 

.0312 

.0284 

.0220  .0044 

.35 

.0110 

.0030 

.39 

6.7 

28703 

Sept.  21 

Decided. 

Cons. 

.27 

12.25 

3.90 

.0272 

.0332 

.0286  .0046 

.38 

.0090 

.0040 

.49 

7.1 

29103 

Oct.   23 

Slight. 

Slight. 

.31 

12.60 

2.10 

.0202 

.0236 

.0200'. 0036 

.29 

.0150 

.0018 

.39 

9.3 

29390 

Nov.  14 

Decided. 

Cons. 

.35 

11.80 

3.30 

.0204 

.0312 

.0236^0076 

.28 

.0120 

.0010 

.48 

8.4 

29699 

Dec.  19 

Decided. 

Cons. 

.23 

13.15 

2.55 

.0214 

.0252 

.0196  .0056 

.30 

.0220 

.0011 

.37 

9.6 

1894 

.27 

11.37 

2.13 

.0131 

.0183 

.0144 

.0039 

.25 

.0204 

.0024 

.35 

8.5 

_ 

1895 

_ 

_ 

.28 

11.73 

2.50 

.0183 

.0238 

.0183 

.0055 

.25 

.0173 

.0038 

.43 

8.4 

_ 

1896 

_ 

_ 

.26 

11.18 

1.97 

.0169 

.0192 

.0152 

.0040 

.22 

.0208 

.0036 

.36 

8.6 

_ 

1897 

. 

_ 

.32 

10.79 

2.47 

.0159 

.0240 

.0170 

.0070 

.19 

.0203 

.0008 

.40 

7.5 

_ 

1898 

_ 

_ 

.27 

9.40 

2.17 

.0106 

.0223 

.0141 

.0082 

.15 

.0178 

.0008 

.37 

6.4 

- 

1899 

- 

- 

.20 

10.76 

2.43 

.0197 

.0233 

.0179 

.0054 

.23 

.0132 

.0017 

.35 

7.4 

Note  to  analyses  of  1899:  Odor,  frequently  faintly  unpleasant  or  musty;  sometimes  vegetable  or 
none. 


Chemical  Examination  of  Water  from  tJie  Eousatonic  River,  at  Stockbridge. 

[Parts  per  100,000.] 


Kesidue  on 

0 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

a 

0 

0 
u 

1 

>. 

c 

albuminoid. 

•d 

•d 

m 

a 

0 
0 

■T3 

1 

0 

« 

°J 

6 

■3 

> 
0 

•a 
1  c 

0 

2 

s 

^ 

s 

S 

u 

3  o. 

iZi 

Q 

H 

m 

0 

H 

1-1 

Ut 

H 

Q 

00 

0 

!zi 

'A 

0 

a 

1899. 

27464 

June  16 

V.  Blight. 

Slight. 

.12 

11.75 

2.20 

.0134 

.0234 

.0182 

.0052 

.22 

.0050 

.0016 

.31 

8.6 

27824 

July  17 

V.  slight. 

Slight. 

.20 

11.75 

2.00 

.0184 

.0196 

.0128 

.0068 

.20 

.0100 

.0OU9 

.43 

8.9 

28405 

Aug.  29 

V.  slight. 

Slight. 

.12 

12.55 

2.85 

.0046 

.0206 

.0158 

.0048 

.29 

.0110 

.0000 

.33 

7.4 

29019 

Oct.    11 

Slight. 

Cons., 
iron. 

.21 

13.85 

2.80 

.0072 

.0296 

.0212 

.0084 

.36 

.0120 

.0015 

.36 

7.3 

29565 

Nov.  30 

Decided. 

Cons. 

.28 

13.15 

2.65 

.0160 

.0300 

.0220 

.0080 

.37 

.29 

.0130 

.0012 

.35 

.36 

9.3 

Av 

IP 

12.61 

2.50 

.0119 

.0246 

.0180 

.0066; 

1 

.0102 

.0010 

8.3 

Odor,  faintly  vegetable  and  musty  or  unpleasant. 
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HOUSATONIC  RIVER. 

Chemical  Examination  of  Water  from,  the  Eousatonic  River,  at  Sheffield. 

[Parts  per  100,000.] 


— 

Residue  on 

.   1 

a 

Appeakance. 

Evapora- 

Ammonia. 

NiTBOGEN 

■c 

1 

tion. 

d 

c 
o 

o 

a 

albuminoid. 

o 

t^ 

■d 

i 

1 

3 

o 

•a 
S 

3 

a 

■3 

o 

°S) 

_ 

o 

> 
o 

■a 

3  P. 

o 

g 

C 

■3 

!zi 

a 

H 

cc 

O 

H 

1-1 

fe 

H 

5 

m 

o 

|Zi 

g 

o 

HI 

1899. 

27628 

June  29 

V.  Blight. 

Cons. 

.16 

12.25 

2.70 

.0080 

.0208 

.0166 

.0042 

.25 

.0180 

.0000 

.,32 

9.4 

27860 

July  21 

V.  Blight. 

Slight. 

.13 

12.40 

1.90 

.0076 

.0194 

.0164 

.0030 

.26 

.0100 

.0005 

.33 

9.0 

28560 

Sept.   9 

V.  Blight. 

Slight. 

.19 

11.55 

3.60 

.0050 

.0186 

.0172 

.0014 

.28 

.0160 

.0007 

.35 

6.0 

28702 

8ept.21 

V.  slight. 

Slight. 

.13 

13.40 

3.50 

.0080 

.0252 

.0182 

.0070 

.36 

.0100 

.0004 

.32 

7.4 

29043 

Oct.    17 

V.  slight. 

V.  slight. 

.13 

14.20 

3.15 

.0060 

.0252 

.0226 

.0026 

.48 

.0140 

.0004 

.36 

10.0 

29418 

Nov.  15 

Decided. 

Slight. 

.22 

13.50 

2.75 

.0188 

.0370 

.0360 

.0010 

.33 
.33 

.0130 

.0004 

.43 
.35 

8.3 

Av.*. 

.16 

12.96 

2.81 

.0094 

.0249 

.0219 

.0030 

.0136 

.0004 

8.7 

Odor  of  the  first  four  samples,  vegetable;  of  the  fifth,  faintly  musty,  becoming  stronger  on  heating; 

of  the  last,  distinctly  disagreeable. The  samples  were  collected  from  the  river,  near  lower  covered 

bridge. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  was 
used  in  making  the  average. 

Meeeimack  Rivee. 
The  usual  monthly  examinations  of  the  water  of  this  river  above 
Lowell  and  above  Lawrence  have  been  continued  during  the  year 
1899,  the  detailed  results  of  which  may  be  found  on  pages  231  and 
218  of  this  volume.  A  comparison  of  the  analyses  made  at  these 
two  places  during  the  year  is  given  in  the  following  table  :  — 

Table  comparing  the  Analyses  above  Lowell  with  those  above  Lawrence,  1899. 

[Parts  per  100,000.] 


o 

Residue  on 
Evapora- 
tion. 

Ammonia. 

6 

o 
S 

NiTKOGBN 
AS 

3 

o 

c 
o 

§1 

O 

tH 

^ 

albuminoid. 

1 

g 

1 

■d 
> 

S 

■6 
■a 

1   B 
3  Q. 
CO 

a 

•s 

Number  of  determinations  com- 
pared  

12 

1 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

Mean  of  analyses  above  Lowell, 
Mean  of  analyses  above  Law- 
rence  

.27 
.29 

3.60 
3.99 

1.42 
1.49 

.0060 
.0088 

.0187 
.0232 

.0152 
.0175 

.0035 
.0057 

.183 
.242 

.0060 
.0056 

.0002 
.0003 

0.9 
1.0 

Increase 

.02 

0.39 

0.07 

.0038 

.0045 

.0023 

.0022 

.059 

.0004* 

.0001 

0.1 

*  Decrease. 
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MERRIMACK  RIVER. 

In  order  to  compare  these  results  with  similar  ones  obtained  in 
previous  years,  another  table  is  presented,  which  shows  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years  :  — 

Increase  in  the  Amount  of  Impurities  in  the  Merrimack  Eiver  Water,  from  a  Point 
above  Lowell  to  Lawrence,  as  determined  by  ike  Regular  Monthly  Examina- 
tions oj  Different  Years. 

[Parts  per  100,000.] 


Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

Nitrogen 

AS 

S 

albuminoid. 

Date. 

•a 

S3 

o 
o 
O 

c'3 
o 

6 
^ 

fH 

■3 
0 

> 
S 

•a 

s  c 
CO 

c 
0 
S 
0 

1 

g 

1 

Increase, 1887-1889,      . 

0.01 

0.23 

0.09 

.0007 

.0027 

.0017 

.0010 

.026 

.0003* 

.0000 

Increase,  1890,      . 

0.05 

0.62 

0.22* 

.0016 

.0023 

.0017 

.0006 

.028 

.0020* 

.0000 

0.2 

Increase,  1891, 

0.02* 

0.29 

0.07 

.0021 

.0023 

.0021 

.0002 

.035 

.0030* 

.0000 

0.1 

Increase,  1892,      . 

0.06 

0.48 

0.12 

.0019 

.0037 

.0037 

.0000 

.039 

.0013* 

.0000 

0.0 

Increase,  1893,      . 

0.09 

0.47 

0.30 

.0031 

.0032 

.0021 

.0011 

.035 

.0002* 

.0001 

0.0 

Increase, 1894, 

0.02 

0.15 

0.04 

.0028 

.0032 

.0032 

.0000 

.049 

.0000 

.0000 

0.1 

Increase,  1895, 

O.U 

0.52 

0.33 

.0022 

.0063 

.0046 

.0017 

.063 

.0005 

.0001 

0.1 

Increase,  1896,      . 

0.02 

0.51 

0.24 

.0034 

.0053 

.0047 

.0006 

.070 

.0017 

.0002 

0.2 

Increase,  1897, 

0.06 

0.30 

0.08 

.0019 

.0051 

.0033 

.0018 

.050 

.0000 

.0000 

0.1 

Increase, 1898, 

0.03 

0.37 

0.07 

.0024 

.0039 

.0019 

.0020 

.044 

.0010 

.0002 

0.1 

Increase,  1899, 

0.02 

0.39 

0.07 

.0038 

.0045 

.0023 

.0022 

.059 

.0004* 

.0001 

0.1 

The  average  flow  of  the  river  at  Lawrence,  for  twenty-four  hours,  during  the  days  on  which  samples 
were  collected,  was  for  the  above  periods,  respectively,  at  the  rate  of  9,145,9,948,  7,931,  5,434,  8,126,5,459, 
11,634,  5,886,  8,230,  9,402  and  7,406  cubic  feet  per  second. 

*  Decrease. 


Chemical  Examination  of  Water  from  the  Merrimack  River,  above  Haverhill. 

[Parts  per  100,000.] 


c 
0 

0 
0 

■s 

"S 

Q 

Appeakance. 

Residue  on 
Evapoba- 

TION. 

Ammonia. 

1 

c 

S 
0 

Nitkogen 

AS 

i 

B 
3 

a 

8 

a 
>> 

X 
0 

is 
s 

u 

3 

1 
■3 

u 
0 
0 
0 

1 

§ 

c 
_o 

0 

! 

6 
u 

ALBUMINOID. 

1 

g 

1 

1 

3 
'A 

■3 
0 

•6 
> 
0 

5 

•a 
■a 

1    B 

3  P. 
CO 

I 

IB 

27494 

1899. 

June  20 

Slight. 

Cons. 

.25 

4.65 

1.50 

.0020 

.0312 

.0188 

.0124 

.30 

.0050 

.0005 

.62 

1.6 

27812 

July  18 

Slight. 

Cons. 

.23 

4.80 

1.55 

.0204 

.0332 

.0238i.0094 

.35 

.0050 

.0007 

.48 

1.6 

28210 

Aug.  14 

Decided. 

Cons. 

.27 

5.50 

1.70 

.01281.0380 

.0240  .0140 

.32 

.0030 

.0004 

.49 

1.4 

28659 

Sept.  19 

Decided. 

Slight. 

.21 

7.05 

2.20 

.0140  .0392 

.0260;. 0132 

!.45 

.0100 

.0008 

.47 

1.7 

29080 

Oct.    19 

Decided. 

Cons. 

.29 

5.75 

2.10 

.0156  .0408 

.0312  .0096 

!.49 

.0050 

.0008 

.56 

1.7 

29389 

Nov.  14 

Slight. 

Cons. 

.49 

5.60 

2.20 

.0240!. 0384!. 0324  .0060 

;.39 

.38 

.0080 

.0005 

.86 
.58 

1.6 

Av... 

29 

5.56 

1.87 

.0148i.0.'?68 

.0260  .0108 

.0060 

.0006 

l.fi 

Odor,  faintly  vegetable  or  unpleasant,  sometimes  also  musty. The  samples  were  collected  from 

the  river,  about  a  mile  and  a  quarter  above  the  Boston  &  Maine  railroad  bridge.    The  samples  were 
made  up  of  several  equal  portions  collected  at  different  points  across  the  river. 
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MERRIMACK  RIVER. 

Chemical  Examination  of  Water  from  the  Merrimack  River,  below  Haverhill. 

[Parts  per  100,000.] 


Residue  on 

■^■^ 

rt 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

■a 

■^ 

tion. 

a 

1 

3 

c 

_■ 

albuminoid. 

o 

>> 

"S 

V. 

0 

»• 

a 

53 

o 

■a 
S 

3 

a 

■3 
0 

0 

t-i 

0 

(V 

'H 

.•§ 

CO 

O 

Eh 

ij 

bi 

0 

m 

u 

!25 

S 

0 

tn 

1899. 

27493 

June  20 

Slight. 

Cons. 

.21 

4.25 

1.55 

.0056 

.0300 

.0180 

.0120 

.25 

.0040 

.0004 

.45 

i.fi 

27811 

July  18 

Slight. 

Cons. 

.21 

4.70 

1.50 

.0120 

.0296 

.0202 

.0094 

.31 

.0040 

.0005 

.53 

1.1 

28209 

Aug.  14 

Decided. 

Cons. 

.27 

8.45 

2.30 

.0328 

.0404 

.0276 

.0128 

.38 

.0040 

.0006 

.63 

9..9. 

28660 

Bept.  19 

Decided. 

Cons. 

.33 

7.40 

2.50 

.0256 

.0436 

.0296 

.0140 

.46 

.0060 

.0008 

.52 

1.7 

29079 

Oct.   19 

Decided. 

Cons. 

.30 

6.05 

2.00 

.0420 

.0448 

.0320 

.0128 

.55 

.0070 

.0010 

.56 

1.7 

29388 

jSTov.  14 

Slight. 

Cons. 

.47 

5.30 

2.05 

.0180 

.0400 

.0304 

.0096 

.36 

.38 

.0110 

.0005 

.82 
.58 

1.3 

Av... 

.30 

5.69 

1.98 

.0227 

.0381 

.0263 

.0118 

.0060 

.0006 

1.6 

Odor,  faintly  vegetable  or  unpleasant,  sometimes  also  musty. The  samples  were  collected  from 

the  river,  at  the  bridge  between  Haverhill  and  Groveland.    The  samples  were  made  up  of  four  equal 
portions,  collected  at  different  points  across  the  river. 

Miller's  River. 

Chemical  Examination  of  Water  from  the  Miller'' s  River,  above  Athol. 


[Parts 

per  100,000.; 

Residue  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

^ 

6 

tion. 

AS 

a 

3 

0 

0 

>> 

•fJ 

0 

ALBUMINOID. 

■d 

>Q 

1 

3 

0 

s 
0! 

S 

s 

3 

a 

0 

3 
0 

IB 
0 

■3 

> 

-a 
1  c 

a 
0 

1 

1 

^ 

a 
•a 

u 

03 

IZi 

0 

H 

CO 

Q 

H 

h! 

fa 

H 

0 

00 

u 

^ 

Sq 

0 

w 

1899. 

27491 

June  20 

Slight. 

Slight. 

0.97 

4.00 

2.00 

.0020 

.0252 

.0208 

.0044 

.20 

.0010 

.0001 

1.10 

0.5 

27840 

July  19 

V.  slight. 

V.  slight. 

0.98 

3.90 

2.20 

.0036 

.0274 

.0250 

.0024 

.19 

.0030 

.0001 

1.15 

0.5 

28204 

Aug.  14 

V.  slight. 

Cons. 

0.95 

3.80 

2.35 

.0010 

.0284 

.0272 

.0012 

.18 

.0020 

.0000 

^.n 

0.5 

28666 

Sept.  19 

Slight. 

Slight. 

0.75 

4.55 

2.25 

.0040 

.0388 

.0322 

.0066 

.29 

.0000 

.0000 

0.89 

1.0 

29063 

Oct.    17 

Decided. 

Cons. 

1.60 

6.85 

1.90 

.0164 

.0292 

.0224 

.0068 

.39 

.0000 

.0001 

0.64 

^.3 

29416 

Nov.  14 

Slight. 

Slight. 

0.76 

4.50 

2.10 

.0036 

.0284 

.0260 

.0024 

.22 
.24 

.0020 

.0001 

1.04 
0.99 

1.0 

Av... 

1.00 

4.60 

2.13 

.0051 

.0296 

.0256 

.0040 

.0013 

.0001 

1.0 

Odor,  generally  faintly  vegetable;  in  October,  faintly  musty. The  samples  were  collected  from 

the  river,  at  Starrett's  mill  pond. 

Chemical  Examination  of  Water  from  the  Miller'' s  River,  below  Orange. 

[Parts  per  100,000.] 


Rksidue  on 

""^^ 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

d 
3 

c 

ALBUMINOID. 

0 

■z 

•d 

■a 

a 

OQ 

0 

a 

3 

"0 

•a 
a 

a 

■3 

0 

0 

05) 

■3 

0 

■a 

3  Pi 

0 

s 

S 

■*-» 

1 

a 

H 

00 

u 

H 

■A 

fa 

H 

Q 

oo 

u 

^ 

Jz; 

0 

W 

1899. 

isi 

27568 

June  23 

Decided. 

Cons. 

.75 

3.50 

2.00 

.0104 

.0356 

.0244 

.0112 

.16 

.0060 

.0002 

.95 

0.5 

28386 

Aug.  24 

V.  slight. 

Slight. 

.68 

4.25 

2.30 

.0096 

.0294 

.0272 

.0022 

.15 

.0020 

.0001 

.82 

0.5 

Odor,  distinctly  vegetoble  or  unpleasant. 
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NASHUA  RIVER. 


Nashua  River. 


Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River,  above 

Fitchburg. 

[Parts  per  100,000.] 


Residob  on 

c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

0 

tion. 

id 

i 

^ 

albuminoid. 

•6 

'6 

.0 

1 

0 

■3 

s 

a 

c 

0 

"3 

0 

■3 

> 

0 

•a 
a  0, 

c 
0 

g 

"C 

0) 
bo 

1= 
1 

'A 

Q 

H 

33 

0 

El 

►J 

Eh 

&H 

Q 

03 

Q 

!?5 

z, 

0 

a 

1899. 

27522 

June  21 

Slight. 

Slight. 

.75 

3.55 

1.90 

.0015 

.0250 

.O205L0O45 

.12 

.0030 

.0000 

1.01 

0.5 

27855 

July  21 

V.  slight. 

Slight. 

.60 

3.35 

1.60 

.0008 

.0196.0166  .0030 

.15 

.0010 

.0001 

0.70 

0.5 

28235 

Aug.  15 

V.  slight. 

V.  slight. 

.58 

3.60 

1.75 

.0016 

.0170  .0152. 0018 

.16 

.OOlOj.OOOO 

0.66 

0.6 

28668 

Sept.  19 

V.  slight. 

V.  slight. 

.57 

2.90 

1.50 

.0006 

.021 6:. 0208  .0008 

.16 

.0060  .0001 

0.67 

0.5 

29051 

Oct.   17 

V.  slight. 

None. 

.50 

3.45 

1.55 

.0006 

.02001.0188  .0012 

.18 

.0030 

.0000 

0.60 

0.5 

29424 

Nov.  16 

V.  Blight. 

V.  slight. 

.46 

5.35 

2.55 

.0010 

.0158 

.0152  .0006 
.0178   nn9n 

.22 
.16 

.0040 

.0000 

0.68 
0.70 

1.0 

Av... 

.58 

3.70 

1.81 

.0010 

.0198 

.0030 

.0000 

0.6 

1 

Odor,  faintly  vegetable  or  unpleasant,  becoming  stronger  on  heating, 
lected  from  the  river,  a  short  distance  above  the  Snow  mill  pond. 


■The  samples  were  col- 


Ghemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Biver,  below 

Fitchburg. 

[Parts  per  100,000.] 


a 
0 

"S 

a 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

a 

3 

§ 
0 

>f 

^ 

c 
0 

ALBDMINOID. 

•d 

« 

J3 

a 

t5 

0 

0 

!2 
IS 

1 

■5 

0 
0 

■3 

3 
0 

E-i 

> 
0 

a 

•a 

3  0. 

c 

u 
0 

5 

S 
2 

bo 
0 

OS 

m 

1899. 

25985 

Jan.   17 

Decided. 

Cons. 

.25 

3.60 

1.35 

.0054 

.0332 

.0170 

.0162 

0.26 

.0120 

.0004 

.43 

0.8 

26296 

Feb.  21 

Decided. 

Oons. 

.25 

4.75 

1.75 

.0168 

.0,340 

.0162 

.0178 

0.42 

.0110 

.0004 

.46 

1.3 

26478 

Mar.  14 

Decided. 

Cons. 

.23 

3.05 

1.55 

.0138 

.0182 

.0142 

.0040'0.18; 

.0050 

.0001 

.42 

0.6 

26715 

Apr.  11 

Decided. 

Cons. 

.29 

3.25 

1.50 

.0080 

.0226 

.0174 

.0052J0.17| 

.0080 

.0002 

.47 

0.6 

27114 

May  16 

Decided. 

Cons. 

.49 

6.80 

2.30 

.0448 

.0628 

.0452 

.0176  10.56 

.0050 

.0008 

.73 

1.8 

27523 

June  21 

Decided. 

Heavy. 

.90 

8.60 

3.10 

.0820 

.0830 

.0425 

.0405'  O.8O1 

.0080 

.0020 

.76 

2.3 

27856 

July  21 

Decided. 

Cons. 

.,55 

9.45 

2.45 

.  1272 

.0640 

.0448  .0192:  o.90| 

.0040 

.0013 

.84 

2.1 

28236 

Aug.  15 

Decided. 

Cons. 

.44 

7.95 

3.00 

.1920 

.0970 

.06,35 

.03351 10. 68| 

.0020 

.0006 

.78 

1.7 

28669 

Sept.  19 

Decided. 

Cons. 

.45 

11.60 

2.80 

.1640 

.0790 

.0610 

.0180!l.25i 

.0060 

.0024 

.74 

2.5 

29052 

Oct.    17 

Decided. 

Cons. 

.45 

12.60 

2.95 

.2520 

.0820 

.0620 

.0200 

l.,')6 

.0050 

.0009 

.86 

3.0 

29425 

Nov.  16 

Decided. 

Heavy. 

.40 

10.55 

3.40 

.0870 

.1040 

.0485 

.0555 

1.00 

.0080 

.0008 

.98 

2.7 

29725 

Dec.  19 

Decided. 

Heavy. 

.50 

9.20 

2.65 

.1680 

.1090 

.0620 

.0470 

0.84 

.0090 

.0010 

.71 

2.6 

Averages  by  Years. 


1893 
1894 
1895 
1896 
1897 
1898 


.,57 

7.46 

2.16 

.0461 

.0360 

.0257 

.0103 

0.69 

.0118 

.0018 

.69 

.56 

7.39 

2.00 

.0634 

.0346 

.0251 

.0095 

0.75 

.0152 

.0020 

.58 

.,59 

8.10 

2.58 

.0832 

.0423 

.0319 

.0104 

0.75 

.0134 

.0010 

.74 

.48 

8.15 

2.40 

.0677 

.0499 

.0343 

.0156 

0.74 

.0151 

.0017 

.69 

.61 

6.82 

2.37 

.0370 

.0420 

.0,317 

.0103 

0.61 

.0120 

.0007 

.68 

.51 

6.00 

2.09 

.0435 

.0467 

.0308 

.0159 

0.48 

.0117 

.0009 

.64 

.43 

7.62 

2.40 

.0967 

.0657 

.0412 

.0245 

0.72 

.0069 

.0009 

.68 

2.0 
1.9 
2.2 
2.0 
1.8 
1.6 
1.8 


Note   to  analyses   of   1899 :    Odor,   generally  distinctly  unpleasant   or  disagreeable,  occasionally 

distinctly  musty. The  samples  were  collected  from  the  river,  about  half  a  mile  below  the  point 

where  water  from  the  tail-race  of  the  Falulah  Paper  Company  enters  the  stream. 
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NASHUA  RIVER. 

Chemical  Examination  qf  Water  from  Monoosnock  Brook  in  Leominster. 

[Parts  per  100,000.] 


a 
o 
:g 

i 

o 

03 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

a 

X. 

0 

0 

Nitrogen 

AS 

■a 

1 

s 

a 
0 
0 

C3 
bi 

1 

1^ 

■3 
3 
a 

1 

o 
o 

3 

o 

c 
§1 

3 

u 

ALBUMINOID. 

g 

i 

■3 
0 
H 

> 
0 

1 

■a 

■o 
1  c 

3  P. 
02 

c 
"2 

1899. 

28228 

Aug.  16 

Decided. 

Cons. 

0.72 

5.05 

2.60 

.0336 

.0384 

.0224 

.0160 

.50 

.0060 

.0007 

0.59 

1.1 

28691 

Sept.  20 

Decided. 

Slight. 

0.60 

5.15 

2.65 

.0008 

.0356 

.0332 

.0024 

.48 

.0060 

.0000 

1.15 

1.3 

29069 

Oct.    18 

Decided. 

Cons. 

1.20 

6.90 

2.95 

.1096 

.0664 

.0472 

.0192 

.75 

.0070 

.0028 

0.81 

2.3 

29382 

Nov.  14 

Decided. 

Cons. 

1.00 
0.88 

5.55 

2.10 

.0192 

.0400 

.0296 

.0104 

.40 
.53 

.0100 

.0003 

0.72 
0.82 

1.8 

Av... 

5.66 

2.57 

.0408 

.0451 

.0331 

.0120 

.0072 

.0009 

1.6 

Odor  of  the  first  two  samples,  faintly  vegetable,  becoming  also  musty  in  the  second  sample  on  heating ; 

of  the  last  two,  distinctly  unpleasant. The  samples  were  collected  from  the  brook,  a  short  distance 

below  the  village  of  Leominster. 


Chemical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River,  just 
above  its  Confluence  with  the  South  Branch  at  Lancaster . 

[Parts  per  100,000.] 


Eesidue  on 



c 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

1 

tion. 

y 
3 

c 

fi 

albuminoid. 

0 

^ 

•d 

qj 

0 

i, 

J2 

0 

■3 
3 

a 

0 

t 

5  = 

3 

> 
0 

■a 

1    B 

3  P. 

a 

2 

1 

« 

c 

1 

7< 

0 

H 

02 

'^ 

E- 

iJ 

fe 

tH 

Q 

OS 

U 

z; 

S 

0 

m 

1899. 

25941 

Jan.   13 

Decided. 

Blight. 

.32 

4.60 

1.75 

.0136  .0214 

.0188  .0026' 

0.33 

.0200 

.0004 

.45 

1.3 

26221 

Feb.  15 

Decided. 

Slight. 

.29 

6.00 

2.05 

.0398  .0294  .0226. 0068  0.51^.0110!. 0004 

..50 

1.6 

26497 

Mar.  15 

Decided. 

Cons. 

.23 

3.00 

1.25 

.0058  .0166  .0136  .0030;|0.12 

.0080;. 0001 

.,S6 

0.,^ 

26914 

Apr.  25 

Slight. 

Slight. 

.29 

3.20 

1.20 

.0048  .0184  .0140  .0044  10.21 

.0040:.  0004 

.40 

0.3 

27140 

May   17 

Decided. 

Cons. 

.86 

5.05 

1.65 

.0284  .0312  .0200  .0112  0.42 

.01201.0010 

.47 

1.1 

27528 

June  21 

Decided. 

Cons. 

.47 

6.00 

2.00 

.0508  .0404  .0308  .0096  0.48 

.0020  .0030 

.64 

i.a 

27798 

July  17 

Slight. 

Slight. 

.38 

6.35 

2.00 

.0396  .0306  .02541.0052  0.58 

.0230  .0064 

.58 

1.6 

28207 

Aug.  14 

Slight. 

Cons. 

.28 

8.45 

2.65 

.OS32,.0368  .03321.0036  ,0.81 

.0230^.0025 

.54 

1.7 

28754 

Sept.  26 

Decided. 

Cons. 

.33 

8.50 

2.70 

.0844  .0396. 0304!. 0092' 

0.92 

.0190  .0024 

.59 

2.2 

29076 

Oct.   19 

Decided. 

Slight. 

.42 

8.25 

2.25 

.1040  .0340  .0305  .0035' 

1.00 

.0140  .0015 

.59 

2.3 

29422 

Nov.  16 

Decided. 

Cons. 

.47 

8.05 

2.40 

.0815  .0375  .0325  .0050 

0.74 

.0110  .0008 

.65 

2.3 

29737 

Dec.  20 

Decided. 

Cons. 

.43 

9.10 

2.20 

.1120,  .0436,  .0328  .0108 

1.08 

.0110  .0007 

.62 

2.7 

Averages  by  Years. 


1895 
1896 
1897 
1898 
1899 


.51 

6.96 

2.10 

.0282 

.0269 

.0208 

.0061 

0.77 

.0236 

.0019 

.59 

1.9 

.47 

6.16 

1.95 

.0217 

.0293 

.0224 

.0069 

0.55 

.0155 

.0019 

.55 

1.8 

.54 

5.29 

1.99 

.0285 

.0290 

.0230 

.0060 

0.42 

.0150 

.0008 

.59 

1.5 

.45 

5.07 

1.74 

.0222 

.0268 

.0200 

.0068 

0.44 

.0168 

.0013 

.46 

1.5 

.36 

6.38 

2.01 

.0540 

.0316 

.0254 

.0062 

0.60 

.0132 

.0016 

.53 

1.6 

Note  to  analyses  of  1899:  Odor,  generally  unpleasant  and  vegetable  or  musty. The  samples 

were  collected  from  the  river,  near  the  railroad  bridge,  a  short  distance  above  its  mouth. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  from  the  Sotith  Branch  of  the  Nashua  Biver,just 
above  its  Confluence  with  the  North  Branch  at  Lancaster. 

[Parts  per  100,000.] 


.2 

o 
o 

=3 

Q 

Appeakance. 

Kesidde  on 
Evapora- 
tion. 

Ammonia. 

€ 

o 

6 

Nitrogen 

AS 

s 

o 

o 

c 

1 

o 

-3 

'■s 

a 

H 

u 

_o 
o 
O 

3 

o 

.3 

i 

ALBOMINOID.      | 

5? 

1 

a 

3 

"3 
1 

> 
o 

5 

•6 

1    B 

3  a 

CO 

1 

1899. 

25942 

Jan.   13 

Decided. 

Slight. 

..34 

4.75 

1.75 

.0228 

.0282 

,0184 

.0048 

0,35 

.0240 

.0005 

,50 

1,3 

26222 

Feb.  15 

Decided. 

Slight. 

.26 

5.10 

1.70 

.0352 

.0192 

.0164 

.0028 

0,42 

.0050 

.0007 

,41 

1.3 

26498 

Mar.  15 

Slight. 

Slight. 

.21 

3.00 

1.25 

.0040 

.0162 

.0134 

,0028 

0,14 

.0090 

.0001 

,35 

0.3 

26915 

Apr.  25 

Slight. 

Slight. 

.32 

8.25 

1.25 

.0006 

.0184 

.0154 

.0030 

0.20 

,0050 

.0008 

,42 

0.5 

27141 

May  17 

Decided. 

Cons, 

.41 

7.25 

2.50 

.0644 

.0688 

.0456 

.0232 

0,60 

,0080 

.0030 

,61 

1.4 

27529 

June  21 

Decided. 

Heavy. 

.85 

8.65 

2.75 

.2050 

.0545 

.0485 

.0060 

0.72 

,0020 

.0024 

,84 

2.0 

27799 

July  17 

Slight. 

Cons. 

.51 

11.00 

2.45 

.3200 

.0475 

.0840 

.0135 

1,08 

.0040 

.0034 

,63 

2.2 

28208 

Aug.  14 

Slight. 

Cons. 

.50 

9.50 

3.05 

.2112 

.0692 

,0452 

.0240 

1.09 

.0030 

.0015 

,55 

2.2 

28755 

Sept.  26 

Decided. 

Cons. 

.45 

9.00 

2.35 

.0940 

.0484 

,0338 

.0146 

1,19 

.0130 

.0040 

.46 

2,6 

29077 

Oct.   19 

Decided. 

Heavy. 

.70 

8.85 

2.00 

.0740 

.0595 

.0410 

.0185 

1.13 

.0030 

.0030 

,60 

2.2 

29423 

Nov.  16 

Decided. 

Cons. 

.40 

8.75 

2.50 

.0805 

.0355 

.0275 

.0080 

0.97 

.0180 

,0015 

,51 

2.2 

29738 

Dec.  20 

Decided. 

Cons. 

.46 

9.00 

1.95 

.1200 

.0380 

.0328.0052 

!■•■' 

.0110 

,0008 

,58 

2.6 

Averages  by  Tears. 


1897 
1898 


,53 

4.66 

1.77 

,0167 

,0238 

.0185 

.0058 

0.34 

.0114 

,0008i 

,61 

.45 

4.72 

1,69 

,0094 

,0216 

,0180 

.0086 

0.35 

.0134 

,0006 

,53 

.60 

4,47 

1.80 

.0092 

,0257 

,0202 

.0055 

0.32 

,0110 

,0004 

.56 

.50 

4.77 

1,81 

.0327 

,0269 

.0206 

.0063 

0.33 

,0098 

,0010 

,48 

.45 

7.34 

2,12 

.1026 

,0415 

.0310 

.0105 

0.75 

.0087 

,0018] 

i 

,54 

1,4 
1,6 
1,3 
1,3 

1,7 


Note  to  analyses  of  1899  :  Odor,  generally  musty  and  unpleasant  or  disagreeable,  sometimes  vege- 
table.  The  samples  were  collected  from  the  river,  at  the  Atherton  bridge,  a  short  distance  above  its 

mouth. 
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NASHUA  RIVER. 

Chemical  Examination  of  Water  from  Nashua  River,  at  Pepperell. 

[Parts  per  100,000.] 


Residdk  on 

■ 

o 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

1 

i 

B 

ALBUMINOID. 

1 

6 

o 

S 

1 

g 

s 

o| 

^ 

o 

■6 

o 

"S 

'u 

1 

3 

o 

i-« 

o 

'A 

Q 

H 

OD 

CJ 

H 

J 

fe 

H 

Q 

OS 

O 

:2i 

o 

y 

1809. 

28256 

Aug.  16 

Slight. 

Cons. 

.20 

6.50 

2.10 

.0116 

.0264 

.0224 

.0040 

.70 

.0230 

.0014 

.46 

1.7 

28699 

Sept.  21 

V.  Blight. 

V.  slight. 

.27 

6.75 

2.25 

•0054 

.0230 

.0206 

.0024 

.82 

.0150 

.0012 

.42 

2.0 

29017 

Oct.    14 

V.  slight. 

V.  slight. 

.24 

7.55 

2.20 

.0168 

.0236 

.0224 

.0012 

.97 

.0060  .0004 

.39 

2.3 

29417 

Nov.  15 

Decided. 

Slight. 

.42 

6.85 

2.20 

.0332 
.0167 

.0264 
.0248 

.0232 

.0032 

.64 
.78 

.0110 

.0003 
.0008 

.58 
.46 

2.3 

Av... 

.28 

6.91 

2.19 

.0221 

.0027 

.0137 

9..1 

Odor  of  the  last  sample,  faintly  unpleasant,  becoming  stronger  on  heating;  of  the  others,  distinctly 
vegetable. 

Nemasket  River. 
Chemical  Examination  of  Water  from  the  Nemasket  River,  below  Middleborough. 

[Parts  per  100,000.] 


Residue  on 

1 
o 

Appearance. 

Evapora- 
tion. 

Ammonia. 

Nitrogen 

AS 

a 

0 

c 

>> 

is 

3 

1 

■3 

0 

3 

albuminoid. 

'S 

i 

X3 
1 

■a 
> 
0 

i 

a 
7 

03 

Q 

0 

Si 

^ 

VI 

§  0. 

J3 

^ 

X 

as 

^ 

Q 

H 

oc 

o 

H 

^^ 

E^ 

H 

s 

02 

0 

S 

0 

tn 

1899. 

27480 

June  20 

Slight. 

Slight. 

.44 

3.85 

1.50 

.0024 

.0242 

.0204 

.0038 

.49 

.0030 

.0002 

.63 

0.5 

27802 

July  18 

V.  slisht 

V.  slight. 

.45 

3.45 

1.60 

.0014 

.0210 

.0196 

.0014 

.50 

.0040 

.0000 

.66 

0.3 

28272 

Aug.  18 

V.  slight. 

Slight. 

.29 

3.60 

1.35 

.0028 

.0190 

.0182 

.0008 

.52 

.0020 

.0000 

.44 

1.0 

28656 

Sept.  19 

V.  slight. 

V.  slight. 

.17 

3.65 

1.25 

.0080 

.0224 

.0200 

,0024 

.54 

.0070 

.0002 

.35 

0.5 

29037 

Oct.    17 

V.  sliaht. 

V.  slight. 

.40 

3.70 

1.55 

.0100 

.0232 

.0208 

.0024 

.51 

.0010 

.0002 

.61 

0.5 

29380 

Nov.  14 

V.  slight. 

Slight. 

.46 

4.20 

1.90 

.0052 

.0220 

.0186 

.0034 

.53 
.51 

.0050 

.0001 

.63 
.55 

0.5 

Av... 

.37 

3.74 

1.52 

.0050 

.0220 

.0196 

.0024 

.0037 

.0001 

0.5 

Odor  of  the  last  sample,  none;  of  the  others,  faintly  vegetable,  sometimes  becoming  stronger  on 
heating. The  samples  were  collected  from  the  river,  at  Muttock  dam. 


Neponset  River. 
Special  investigations  of  the  condition  ot  the  Neponset  River 
were  made  during  the  summers  of  1891,  1895  and  1899.  The 
results  of  the  investigations  made  in  1891  were  given  on  pages  319 
to  336  of  the  annual  report  for  that  year,  and  the  results  of  the 
investigations  made  in  1895  were  given  on  pages  408  to  411  of  the 
annual  report  for  1895.  The  results  of  the  investigations  made  in 
the  summer  of  1899  are  given  in  the  following  tables.  All  of  these 
examinations  were  made  at  a  time  of  low  flow  in  the  river . 
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NEPONSET  RIVER. 


Chemical  Examination  of  Water 


[Parts  per  100,000.] 


a 

'A 

Date  of  Collection. 

Appearance. 

Residue  on 
Evaporation. 

Ammonia. 

Turbidity. 

Sediment. 

1 
o 

"3 

B 
O 

gi 

o 

Hi 

albuminoid. 

•3 

I 

1  '^ 
«  > 

1 '° 

1 

28146 

1899. 

Aug.  10,  12.00  M. 

V.  Blight. 

Slight. 

0.65 

4.55 

1.95 

0.0000 

0.0268 

0.0252 

0.0016 

2 

28968 

Oct.  11,    9.45  a.m. 

V.  slight. 

V.  Blight. 

1.28 

6.20 

2.50 

0.0044 

0.0308 

0.0280 

0.0028 

3 

28147 

Aug.  10,  11.45  a.m. 

Decided. 

Slight. 

0.86 

6.60 

2.75 

0.0000 

0.0375 

0.0315 

0.0060 

4 

28969 

Oct.  11,  9.30  a.m. 

Slight. 

Cons. 

0.92 

6.90 

3.00 

0.0048 

0.0396 

0.0348 

0.0048 

6 

28148 

Aug.  10, 12.30  P.M. 

Slight. 

Slight. 

0.88 

6.20 

2.50 

0.0000 

0.0364 

0.0320 

0.0044 

6 

28970 

Oct.  11,10.15  a.m. 

Slight. 

Cons. 

0.92 

6.50 

3.00 

0.0052 

0.0340 

0.0288 

0.0052 

7 

28149 

Aug.  10,  12.45  p.m. 

Decided. 

Cons. 

1.10 

16.90 

6.00 

0.0015 

0.1090 

0.0820 

0.0270 

8 

28971 

Oct.  11,10.40  a.m. 

Decided. 

Cons. 

1.40 

20.40 

8.00 

0.0080 

0.0810 

0.0690 

0.0120 

9 

28150 

Aug.  10,12.65  p.m. 

V.  decided. 

Cons. 

1.59 

52.10 

20.00 

0.0190 

0.2500 

0.2140 

0.0360 

10 

28972 

Oct.  11,10.55  a.m. 

Decided. 

Heavy. 

1.54 

28.50 

12.30 

0.0190 

0.1110 

0.0825 

0.0285 

11 

28151 

Aug.  10,  1.15  p.m. 

V.  decided. 

Cons. 

1.65 

47.15 

16.75 

0.0110 

0.2100 

0.1860 

0.0240 

12 

28973 

Oct.  11,11.25  a.m. 

Decided. 

Heavy. 

1.40 

32.30 

13.50 

0.0260 

0.1190 

0.0910 

0.0280 

13 

28152 

Aug.  10,   1.10  p.m. 

V.  decided. 

- 

- 

52.70 

11.25 

0.9200 

2.1100 

0.8040 

1.3060 

14 

15 

28974 
28615 

Oct.  11,11.15  a.m. 
Sept.  13,   2.00  p.m. 

Decided. 
Decided. 

Heavy, 

black. 
Heavy. 

- 

133.60 
172.00 

34.60 
43.40 

0.4800 
1.2400 

1.4500 
0.7720 

0.7900 
0.5400 

0.6600 
0.2320 

16 
17 

28153 
28975 

Aug.  10,   1.25  p.m. 
Oct.  11,11.40  a.m. 

V.  decided. 
Decided. 

Cons., 

black. 
Heavy. 

1.36 

41.90 
42.20 

10.70 
17.20 

0.0000 
0.0200 

0.2480 
0.2240 

0.1650 
0.1120 

0.0830 
0.1120 

18 

28154 

Aug.  10,   1.40  P.M. 

V.  decided. 

Heavy. 

- 

38.50 

10.30 

0.0020 

0.2060 

0.1460 

0.0600 

19 

28976 

Oct.  11, 12.20  P.M. 

Decided. 

Heavy. 

1.32 

40.30 

16.60 

0.0240 

0.2000 

0.1200 

0.0800 

20 

28155 

Aug.  10,   2.00  p.m. 

V.  decided. 

Heavy. 

- 

241.35 

24.35 

4.4500 

2.1400 

0.7160 

1.4240 

21 

28616 

Sept.  13,  12.00  m. 

Decided. 

Heavy. 

- 

500.00 

54.40 

4.4700 

2.0000 

1.2000 

0.8000 

22 
23 

28977 
28978 

Oct.  11,   1.15  p.m. 
Oct.  11,12.25  P.M. 

Decided. 
Decided. 

V.  heavy, 

black. 
Heavy. 

1.30 

1170.40 
1113.00 

57.00 

157.00 
110.60 

20.00 

7.2000 
0.1620 

4.3000 
0.4600 

2.0400 
0.2280 

2.2600 
0.2320 

24 

28156 

Aug.  10,   1.55  p.m. 

V.  decided. 

Heavy. 

- 

42.00 

10.20 

0.0160 

0.2500 

0.1520 

0.0980 

25 

28614 

Sept.  13, 12.30  P.M. 

Decided. 

Heavy. 

- 

50.00 

14.40 

0.1800 

0.2900 

0.1640 

0.1260 

26 

28979 

Oct.  11, 12.35  P.M. 

Decided. 

Heavy. 

1.30 

39.00 

15.10 

0.0800 

0.2360 

0.1240 

0.1120 

27 

28157 

Aug.  10,   2.20  p.m. 

Distinct. 

Cons. 

0.67 

8.42 

3.07 

0.0040 

0.0650 

0.0425 

0.0225 

28 

28980 

Oct.  11,12.50  P.M. 

Slight. 

Slight. 

0.61 

7.80 

2.60 

0.0028 

0.0428 

0.0320 

0.0108 

29 

28158 

Aug.  10,  11.45  a.m. 

Decided. 

Slight. 

1.16 

20.40 

5.10 

0.0265 

0.1350 

0.0925 

0.0425 

30 

28981 

Oct.   11,12.55  p.m. 

Decided. 

Cons. 

1.00 

43.00 

33.00 

0.0150 

0.0780 

0.0570 

0.0210 

31 

28159 

Aug.  10,    1.00  p.m. 

Decided. 

Slight. 

0.96 

19.50 

4.00 

0.0140 

0.1130 

0.0960 

0.0170 

32 

28982     Oct.   11, 10.45  A.M. 

Decided. 

Cons. 

1.00 

15.00 

4.50 

0.0120 

0.0790 

0.0510 

0.0280 

33 

28160     Aug.  10,   1.25  p.m. 

Decided. 

Slight. 

1.04 

22.90 

4.00 

0.0485 

0.1305 

0.0960 

0.0345 
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NEPONSET  RIVER. 

[Parts  per  100,000.] 


Nitrogen  as 

■a 

1 

s 

s 

o 

Locality. 

i 

1 

1 

O 

s 

■s 

23 

0.33 

.0020 

.0000 

0.73 

0.3 

Above  Walpole. 

1 

0.36 

.0060 

.0000 

1.56 

- 

Above  Walpole. 

2 

0.55 

.0020 

.0000 

1.07 

1.4 

Above  Stetson's  dam. 

3 

0.50 

.0010 

.0002 

1.44 

- 

Above  Stetson's  dam. 

4 

0.50 

.0000 

.0000 

0.89 

1.1 

Above  paper  mill  of  F.  W.  Bird  Ss  Son. 

5 

0.52 

.0010 

.0002 

1.14 

- 

Above  paper  mill  of  F.  W.  Bird  &  Son. 

6 

1.38 

.0000 

.0003 

2.92 

5.0 

Below  paper  mill  of  F.  W.  Bird  &  Son. 

7 

1.15 

.0010 

.0009 

3.20 

- 

Above  paper  mill  of  Hollingeworth  &  Vose. 

8 

4.10 

.0000 

.0010 

9.60 

19.0 

Next  dam  below  paper  mill  of  Hollingsworth  &  Vose. 

9 

1.90 

.0010 

.0080 

5.10 

- 

Next  dam  below  paper  mill  of  Hollingsworth  &  Vose. 

10 

3.58 

.0000 

.0000 

9.00 

19.5 

Above  brook  from  Winslow's  tannery. 

11 

2.05 

.0010 

.0070 

5.50 

- 

Above  brook  from  Winslow's  tannery. 

12 

28.35 

.0000 

.0160 

19.90 

28.5 

Brook  from  Winslow's  tannery. 

13 

41.50 

.0030 

.0100 

10.80 

- 

Brook  from  Winslow's  tannery. 

14 

51.40 

.0000 

.0000 

21.70 

- 

Brook  from  Winslow's  tannery. 

15 

5.53 

.0000 

.0000 

5.80 

15.0 

Above  ink  works. 

16 

4.10 

.0020 

.0130 

6.50 

- 

Above  ink  works. 

17 

4.50 

.0000 

.0000 

6.44 

15.0 

Below  ink  works. 

18 

3.75 

.0020 

.0008 

6.40 

- 

Below  ink  works. 

19 

103.95 

.0000 

.0000 

11.28 

35.5 

Sewer  from  Smith's  tannery. 

20 

202.00 

.0000 

.0010 

27.00 

- 

Sewer  from  Smith's  tannery. 

21 

540.00 

- 

.0018 

68.00 
45.40 

- 

Sewer  from  Smith's  tannery. 

22 

7.75 

- 

.0036 

7.70 

- 

River  in  front  of  sewer  from  Smith's  tannery. 

23 

6.75 

.0000 

.0000 

6.12 

16.5 

Below  sewer  from  Smith's  tannery. 

24 

7.10 

.0000 

.0000 

7.40 

- 

Below  sewer  from  Smith's  tannery. 

25 

4.05 

.0010 

.0036 

6.40 

- 

Below  sewer  from  Smith's  tannery. 

26 

0.75 

.0020 

.0000 

1.20 

2.6 

East  Branch  or  Canton  River. 

27 

0.63 

.0020 

.0002 

1.04 

- 

East  Branch  or  Canton  River. 

28 

2.70 

.0000 

.0000 

3.30 

6.9 

Bridge  at  Neponset  Street. 

29 

1.73 

.0040 

.0000 

2.40 

- 

Bridge  at  Neponset  Street. 

30 

3,55 

.0020 

.0000 

2.04 

6.0 

Bridge  at  Dedham  Road. 

31 

2.70 

.0010 

.0020 

2.00 

- 

Bridge  at  Dedham  Road. 

32 

4.42 

.0020 

.0000 

2.90 

5.4 

Bridge  at  Green  Lodge  Street. 

33 

388  STATE   BOAED    OF   HEALTH.  [Pub.  Doc. 

ISTEPONSET  RIVER. 


Chemical  Examination  of  Water 


[Parts  per  100,000.] 


The  samples  vrere  collected  as  follows  :  Nos.  28146  and  28968,  from  the  Neponset  River  above  Wal- 
pole;  Nos.  28147  and  28969,  at  Stetson's  dam,  just  below  the  village  of  Walpole;  Nos.  28148  and  28970, 
from  the  millpond  of  the  paper  mill  of  F.  W.  Bird  &  Son,  in  East  Walpole;  No.  28149,  from  river,  just 
below  paper  mill  of  F.  "W.  Bird  &  Son;  No.  28971,  at  the  dam  of  the  paper  mill  of  Hollingsworth  & 
Vose,  which  is  the  next  below  the  paper  mill  of  F.  W.  Bird  &  Son;  Nos.  28150  and  28972,  at  the  next 
dam  below  the  mill  of  Hollingsworth  &  Vose,  at  Water  Street;  Nos.  28151  and  28973,  at  the  Moore 
Street  bridge,  in  Norwood,  about  100  feet  above  the  brook  which  conveys  the  drainage  from  Winslow's 
tannery  to  the  river;  Nos.  28152,  28974  and  28615,  from  the  brook  which  conveys  the  drainage  from  Win- 
slow's tannery  to  the  Neponset  River,  about  100  feet  above  its  junction  with  the  river;  Nos.  28153  and 
28975,  from  Neponset  River  above  printing-ink  works  of  Geo.  H.  Morrill  &  Co.,  Pleasant  Street,  Nor- 
wood, and  below  the  brook  from  Winslow's  tannery ;  Nos.  28154  and  28976,  from  the  Neponset  River, 
below  printing-ink  works  of  Geo.  H.  Morrill  &  Co.,  and  just  above  sewer  from  Smith's  tannery;  Nos. 
28155,  28616  and  28977,  from  the  sewer  leading  from  Smith's  tannery  to  the  river;  No.  28978,  from  the 
river  directly  in  front  of  sewer  from  Smith's  tannery;  Nos.  28156,  28614  and  28979,  from  the  river,  75 
feet  below  the  point  where  the  sewer  from  Smith's  tannery  enters  it;  Nos.  28158  and  28981,  from  the 
river  where  it  is  crossed  by  the  Neponset  Street  bridge;  Nos.  28157  and  28980,  from  the  Canton  River; 
Nos.  28159  and  28982,  from  the  Neponset  River,  where  it  is  crossed  by  the  Dedham  road  bridge;  Nos. 
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NEPONSET  EIVEK. 

from  the  Neponset  Eiver  —  Concluded. 

[Parts  per  100,000.] 


Nitrogen  as 

•6 
1 

3 
J 

o 

c 

■a 

Locality. 

o 

c 

'fct 
o 

1.12 

.0020 

.0007 

1.52 

_ 

Bridge  at  Green  Lodge  Street. 

1 

2.65 

.0020 

.0000 

1.60 

4.6 

Bridge  at  Milton  Street. 

2 

1.20 

.0020 

.0011 

1.40 

- 

Bridge  at  Milton  Street  (Paul's  Bridge). 

3 

1.40 

.0000 

.0022 

1.72 

- 

Above  Mother  Brook  (Paul's  Bridge). 

4 

0.57 

.0140 

.0004 

1.04 

- 

Mother  Brook. 

5 

0.98 

.0040 

.0004 

0.80 

3.3 

Below  Mother  Brook. 

6 

1.02 

.0090 

.0009 

1.76 

- 

Below  Mother  Brook. 

7 

1.23 

.0030 

.0005 

0.92 

2.2 

Opposite  Gossamer  Rubber  Company,  Hyde  Park. 

8 

2.40 

.0020 

.0020 

2.00 

- 

Opposite  Gossamer  Rubber  Company,  Hyde  Park. 

9 

1.90 

.0020 

.0036 

2.00 

- 

Above  Mattapan  paper  mill. 

10 

1.10 

.0030 

.0007 

1.00 

3.4 

Dam  above  Blue  Hill  Avenue. 

11 

2.53 

.0060 

.0018 

2.08 

- 

Dam  above  Blue  Hill  Avenue. 

12 

1.18 

.0110 

.0010 

1.32 

- 

Above  Tileston  &  Hollingsworth  paper  mill. 

13 

2,15 

.0030 

.0003 

1.20 

5.0 

At  Central  Avenue,  Milton. 

14 

214.50 

.0010 

.0006 

1.60 

- 

Tide  water  below  Milton. 

15 

28160  and  289S3,  from  the  river  at  Green  Lodge  Street;  Nob.  28161  and  28984,  from  the  river,  where  it  is 
crossed  by  Paul's  bridge;  No.  28985,  from  the  river,  about  200  feet  above  mouth  of  Mother  Brook;  No. 
289S6,  from  Mother  Brook,  200  feet  above  mouth;  Nos.  28162  and  28987,  from  the  river,  200  feet  below 
point  where  it  is  joined  by  Mother  Brook;  Nos.  28163  and  28989,  from  the  river,  near  the  factory  of  the 
Boston  Gossamer  Rubber  Company ;  No.  28988,  from  the  river  above  the  Mattapan  Paper  Mill ;  No.  28164i 
below  dam  at  Blue  Hill  Avenue;  No.  28990,  at  dam,  just  above  Blue  Hill  Avenue;  No.  28165,  from  the 
river  at  Central  Avenue,  Milton;  No.  28991,  from  the  river,  just  above  paper  mill  of  Tileston  &  Hollings- 
worth; No.  28992,  from  the  tide  water  at  Godfrey's  wharf,  below  Milton. 

The  odor  of  the  samples  from  the  river  above  the  paper  mill  of  Hollingsworth  &  Vose  was  faintly 
vegetable  or  unpleasant,  generally  becoming  stronger  on  heating;  between  the  paper  mill  of  Hollings- 
worth &  Vose  and  the  brook  from  Winslow's  tannery,  distinctly  disagreeable  or  unpleasant;  from  the 
brook  from  Winslow's  tannery,  offensive;  between  the  brook  from  Winslow's  tannery  and  the  sewer 
from  Smith's  tannery,  distinctly  disagreeable  and  unpleasant;  from  the  sewer  from  Smith's  tannery 
and  from  the  river  between  the  sewer  from  Smith's  tannery  and  the  Canton  River,  very  offensive;  from 
Canton  River,  distinctly  vegetable  or  faintly  unpleasant;  below  Canton  River,  distinctly  disagreeable  or 
unpleasant. 
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NEPONSET  RIVER. 

Table  Showing  the  Per  Cent,  of  Dissolved  Oxygen  and  the  Number  of  Bacteria  in 
the  Water  of  the  Nejponset  River. 


Bacteria  per 

Dissolved 

Cubic 

Oxygen  (Per  Cent 

Centimeter. 

of  Saturation). 

350 

90 

18,300 

31 

141,000 

57 

646,000 

8 

320,000 

0 

620,000 

15 

621,000 

0 

1,686,000 

10 

1,320,000 

0 

1,660,000 

0 

2,077,000 

0 

728,000 

0 

31,000 

69 

774,000 

0 

651,000 

0 

823,000 

0 

469,000 

4 

501,000 

1 

109,000 

- 

291,000 

13 

600,000 

14 

80,000 

9 

Above  Walpole 

Above  Stetson's  dam,       .... 
Above  paper  mill  of  P.  W.  Bird  &  Son, 
Below  paper  mill  of  F.  W.  Bird  &  Son, 
Below  paper  mill  of  Hollingsworth  &  Vose, 
Above  brook  from  Winslow's  tannery, 
Brook  from  Winslow's  tannery,     . 

Above  ink  works, 

Below  ink  works 

Sewer  from  Smith's  tannery,  . 
Below  sewer  from  Smith's  taanery, 

Above  Canton  River 

Canton  River 

Bridge  at  Neponset  Street, 
Bridge  at  Dedham  Road, 
Bridge  at  Green  Lodge  Street, 
Bridge  at  Milton  Street,    .... 
Above  Mother  Brook,       .... 
Below  Mother  Brook,       .... 
Opposite  Gossamer  Rubber  Company,  . 
Above  Mattapan  paper  mill,    . 
Dam  above  Blue  Hill  Avenue, 


Chemical  Examination  of  Water  from  the  Neponset  River.,  at  Hyde  Park. 

[Parts  per  100,000.] 


r 

o 

o 
U 

V. 

o 

Appearance. 

Evapora- 
tion. 

Ammonia. 

c 

Nitrogen 

AS 

a 

a 

S3 
o 

o 

C 

1 

a 
o 

§1 

ALBUMINOID. 

1 

s 

J3 

•a 
> 

■a 

1 

a 

u 

o 

O 

S 

3  O. 

si 

^ 

« 

<a 

^ 

Q 

B 

00 

o 

H 

1-) 

fe 

H 

a 

(B 

O 
0.57 

2! 

j^ 

O 

W 

25965 

1899. 

Jan.   17 

Slight. 

Slight. 

0.56 

5.55 

2.20 

.0004 

.0210 

.0182 

.0028 

.0110 

.0002 

0.74 

1.7 

26235 

Feb.  16 

Decided. 

Slight. 

0.73 

6.75 

2.75 

.0040 '.0260  .0236 

.0024 

0.66 

.0120 

.0004 

0.87 

2.3 

26475 

Mar.  14 

V.  slight. 

V.  slight. 

0.40 

3.50 

1.35 

.0010!. 0152  .0142 

.0010 

0.42 

.0020 

.0000 

0.56 

1.0 

26693 

Apr.  10 

V.  slight. 

V.  slight. 

0.50 

4.55 

1.80 

.0010 

.0224  .0210 

.0014 

0.44 

.0020 

.0001 

0.66 

1.1 

27108 

May  16 

Slight. 

Cons. 

0.75 

5.40 

2.40 

.0236 

.0326  .0294 

.0032 

0.58 

.0060 

.0005 

0.80 

1.7 

27504 

June  20 

Decided. 

Cons. 

0.78 

13.65 

3.50 

.0032 

.0760,-0448 

.0312 

1.41 

.0000 

.0003 

1.34 

5.9 

27807 

July  18 

Decided. 

Cons. 

1.25 

17.70 

4.00 

.0368 

.1100. 0796 

.0304 

3.50 

.0010 

.0000 

1.65 

b.9 

28196 

Aug.  14 

Decided. 

Cons. 

1.65 

22.25 

6.15 

.0825 

.13301.1005 

.0325 

3.13 

.0040 

.0000 

2.50 

6.9 

28671 

-Sept.  19 

V.  dec'd. 

Cons. 

1.00 

24.55 

6.10 

.0030 

.1475  .1102 

.0373 

3.32 

.0030 

.0000 

2.3V 

8.9 

29023 

Oct.   16 

Slight. 

Slight. 

1.02 

11.10 

4.05 

.0212 

.0460  .0428 

.0032 

1.08 

.0030 

.0004 

1.4b 

4.2 

29376 

Nov.  14 

Decided. 

Cons. 

1.15 

8.20 

3.25 

.0120 

.0492  .0380 

.0112 

0.78 

.0080 

.0004 

1.2H 

2.2 

29694 

Dec.  19 

Decided. 

Cons. 

1.00 

7.75 

2.80 

.0024 

.0380  .0332 

.0048 

0.74 

.0100 

.0006 

1.11 

2.0 

Averages  by 

Years. 

1888 

_ 

1.02 

6.77 

2.27 

.0030 

.0324     - 

0.83 

.0095 

.0002 

- 

- 

1893 

_ 

_ 

1.16 

7.70 

2.49 

.0151 

.0320  .0254  .0066' 

1.19 

.0154 

.0005 

0.95 

2.4 

1894 

_ 

1.14 

9.68 

2.69 

.0112 

.0360  .0277  .0083 

1.64 

.0062 

.0002 

1.00 

3.0 

1895 

_ 

_ 

1.04 

8.40 

2.81 

.0182 

.0365'. 0312  .0053 

1.18 

.0064 

.0001 

1.05 

3.0 

1896 

_ 

_ 

1.12 

8.35 

2.69 

.0137 

.0353'. 0315!. 0038 

1.22 

.0077 

.0001 

1.06 

2.7 

_ 

1897 

_ 

_ 

1.19 

8.79 

2.84 

.0193 

.0385 

.0333 

.0052 

1.28 

.0067 

.0001 

l.OV 

2.9 

1898 

^ 

_ 

i.n 

7.29 

2.89 

.0097 

.0387 

.0315 

.0072 

0.88 

.0060 

.0002 

1.06 

2.4 

- 

1899 

- 

- 

0.90 

10.91 

3.36 

.0159 

.0597 

.0463 

.0134 

1.39 

.0052 

.0002 

1.28 

3.6 

Note  to  analyses  of  1899  :  Odor,  generally  musty  or  disagreeable,  occasionally  vegetable. The 

samples  were  collected  from  the  river,  opposite  the  works  of  the  Hyde  Park  Water  Company,  above  the 
thickly  settled  portions  of  the  town  of  Hyde  Park. 
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QUINEBAUG  RIVER. 

QuiNEBAUG  River. 

Chemical  Examination  of  Water  from,  the  Quinehatig  River,  below  Southbridge. 

[Parts  per  100,000.] 


o 

o 
O 
%-. 
o 

oj 
Q 

Appbakance. 

KESIDnE  ON 

Evapora- 
tion. 

Ammonia. 

c 

■s 

0 

NiTKOGEN 

AS 

i 

c 
0 

0 

'S 

1 
■3 

o 
o 
O 

■3 
0 

s 
0 

0 

fa 

ALBUMINOID. 

i 

a 

s 
'A 

0 

■6 
> 
0 

iS 

■6 
1  0 

00 

1 

1899. 

27424 

June  13 

Slight. 

Cons. 

.41 

3.75 

1.75 

.0034 

.0272 

.0198 

.0074 

.21 

.0040 

.0001 

.51 

1.3 

27779 

July  15 

Slight. 

Cons. 

.64 

4.05 

1.65 

.0076 

.0268 

.0228 

.0040 

.16 

.0050 

.0003 

.66 

1.3 

28352 

Aug.  23 

Slight. 

Cons. 

.44 

4.75 

1.70 

.0152 

.0316 

.0228 

.0088 

.27 

.0040 

.0002 

.44 

1.3 

28534 

Sept.   9 

Decided. 

Cons. 

.44 

4.25 

1.85 

.0012 

.0368 

.0242 

.0126 

.26 

.0020 

.0001 

.60 

0.8 

28945 

Oct.    10 

Decided. 

Slight. 

.30 

4.30 

1.55 

.0100 

.0292 

.0248 

.0044 

.25 

.0070 

.0002 

.48 

1.0 

29255 

Nov.    6 

Decided. 

Slight. 

.40 

4.80 

1.85 

.0052 

.0272 

.0228 

.0044 

.25 
.23 

.0070 
.0048 

.0001 

.55 

.54 

1.6 

Av... 

.44 

4.32 

1.72 

.0071 

.0298 

.0229 

.0069 

.0002 

1.2 

Odor  of  the  first  and  last  samples,  faintly  unpleasant;  of  the  others,  vegetable,  becoming  sometimes 

also  unpleasant  on  heating. The  samples  were  collected  from  the  river,  between  the  villages  of 

Southbridge  and  Saundersdale. 


Salisbury  Plain  River. 
Chemical  Examination  of  Water  from,  Salisbury  Plain  River,  below  Brockton. 

[Parts  per  100,000.] 


c 
0 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

Nitrogen 
as 

1 
3 

A 

albuminoid. 

1^ 

1 

3 

0 
0 

■3 
B 
3 
H 

1 
-3 

CO 

u 

0 
0 

3 
0 

0 

fa 

■3 
0 

> 

0 

5 

■a 
■a 

3  0. 

c 

2 
0 

rt 
^ 

S 

'}-) 

g 

0 

1 
>> 

0 

•3 

1899. 

j 

27486 

June  20 

Decided. 

Cons. 

.26 

12.40 

3.15 

.0748 

.0264 

.0228 

.0036 

1.79 

.2080 

.0160 

.38 

3.9 

27803 

July  17 

Slight, 

V.  slight. 

.33 

11.75 

2.80 

.0498 

.0246 

.0226 

.0020 

1.64 

.1660 

.0320 

.44 

3.4 

28203 

Aug.  14 

milky. 
Decided. 

Cons. 

.20 

11.35 

3.00 

.0632 

.0264 

.0176 

.0088 

1.34 

.0840 

.0050 

.27 

3.0 

28658 

Sept.  19 

Blight. 

Slight. 

.12 

13.50 

4.15 

.0080 

.0198 

.0176 

.0022 

2.27 

.2960 

.0060 

.24 

3.8 

29039 

Oct.    17 

Decided. 

Cons. 

.52 

9.90 

2.20 

.0492 

.0312 

.0242 

.0070 

1.36 

.0940 

.0013 

.61 

3.0 

29379 

Nov.  14 

Decided. 

Cons. 

.62 

8.55 

2.55 

.0420 

.0296 

.0236 
.0214 

.0060 
.0049 

1.03 
1.57 

.0950 

.0012 

.62 
.43 

2.9 

Av... 

34 

11.24 

2.97 

.0478 

.0263 

.1572 

.0102 

3  3 

Odor,  generally  distinctly  unpleasant;  in  July,  vegetable  and  musty.— 
from  the  river,  at  Plain  Street  bridge,  above  the  sewage  pumping  station. 


-The  samples  were  collected 
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taunton  kiver. 

Taunton  Rivee. 

Chemical  Examination  of  Water  from  the  Taunton  River,  above  Taunton. 

[Parts  per  100,000.] 


o 
U 

o 
a 

"S 
a 

APPBABA-NCE. 

re8idde  on 
Evapora- 
tion. 

Ammonia. 

0 

c 

0 
.53 

Nitrogen 

AS 

•6 

a 

s 

(S 

a 
0 

a 

1 

X 

0 

a 

I 

i 

o 

C 

o 

c 
o 

=  5. 

o 

k1 

£ 

ALBUMINOID. 

!? 

1 
1 

■3 
0 

5 

■a 

■0 

1  c 

3  p. 

s 

u 
ci 

B3 

27794 

1S99. 

July  17 

Slight. 

Cons. 

0.83 

5.05 

2.10 

.0016 

.0326 

.0274 

.0052 

.0020 

.0000 

0.47 

1.3 

28267 

Aug.  17 

V.  slight. 

V.  slight. 

0.60 

6.15 

2.20 

.0008 

.0230 

.0218 

.0012 

.60 

.0030 

.0000 

0.66 

1.1 

28651 

Sept.  18 

V.  slight. 

Slight. 

0.42 

4.90 

2.05 

.0000 

.0224 

.0216 

.0008 

.65 

.0010 

.0002 

0.38 

1.1 

29027 

Oct.   16 

V.  slight. 

Cons. 

1.28 

7.00 

3.40 

.0040 

.0348 

.0332 

.0016 

.61 

.0050 

.0002 

1.55 

1.3 

29364 

Nov.  13 

Slight. 

Cons. 

1.56 

6.70 

3.55 

.0032 
.0019 

.0388 

.0364 

.0024 

.64 
.61 

.0060 
.0034 

.0001 

1.74 
0.96 

1.0 

Av... 

0.94 

5.76 

2.66 

.0303 

.0281 

.0022 

.0001 

1  2 

Odor,  vegetable,  sometimes  becoming  unpleasant  on  heating. The  samples  were  collected  from 

the  river,  opposite  the  pumping  station  of  the  Taunton  Water  Works. 


Chemical  Examination  of  Water  from  the  Taunton  River,  belotv  Taunton. 

[Parts  per  100,000.] 


c 
_o 

0 
0 

0 

Q 

Appearance. 

Residue  on 

EVAPO  RA- 
TION. 

Ammonia. 

c 

S 
2 

Q 

Nitrogen 

AS 

1 

3 

c 
0 

c 

1 
a 
0 

3 

c 

a 

02 

0 

■3 
0 

0 
£  c 

°  to 
0 

Cm 

albuminoid. 

1 

-S 

B 

0 

> 
0 

5 

•6 

■a 

CO 

1 
K 

1899. 

27795 

July  17 

Decided. 

Cons. 

0.90 

5.80 

2.30 

.0262 

.0318 

.0270 

.0048 

.60 

.0060 

.0003 

0.94 

1.3 

28268 

Aug.  17 

Slight. 

Slight. 

0.59 

5.70 

1.60 

.0172 

.0252 

.0234 

.0018 

.77 

.0040 

.0008 

0.64 

1.1 

28652 

Sept.  18 

V.  slight. 

Slight. 

0.55 

6.15 

2.00 

.0180 

.0264 

.0234 

.0030 

.89 

.0020 

.0004 

0.46 

1.1 

29028 

Oct.   16 

Decided. 

Cons. 

1.20 

7.00 

3.00 

.0176 

.0392 

.0316 

.0076 

.66 

.0120 

.0005 

1.52 

1.4 

29363 

Nov.  13 

Slight. 

Cons. 

1.42 

6.90 

3.50 

.0088 

.0360 

.0344 

.0016 

.67 

.72 

.0060 
.0060 

.0002 

1.64 
1.04 

1.0 

Av... 

0.93 

6.31 

2.48 

.0176 

.0317 

.0279 

.0038 

.0004 

1  ? 

Odor,  faintly  vegetable  or  unpleasant,  sometimes  becoming  stronger  on  heating. The  samples 

were  collected  from  the  river,  at  the  wharf  of  the  Taunton  Gas  Works,  below  the  bridge  at  Weir. 
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TEN  MILE  RIVER. 


Ten  Mile  River. 


Chemical  Examinatioji  of  Water  from  Ten  Mile  River,  below  Attleborough. 

[Parts  per  100,000.] 


1 
o 

o 
O 

o 
» 

03 

Q 

Appearance. 

Kesidhe  on 
Evapora- 
tion. 

Ammonia. 

2 
o 

Nitrogen 
as 

•6 
1 

3 

5 
c 

o 

5 

3 

s 
§ 

GO 

u 

o 
o 

5 
& 

c 
o 

3 

Cm 

albuminoid. 

« 
g 

g 

c 

a 

a 
•A 

i 

•3 
> 
O 

5 

•o 
•a 

3  D. 
02 

•3 
a 

27492 

1899. 

June  20 

Decided. 

Cone. 

0.56 

6.55 

1.80 

.0080 

.0484 

.0352 

.0132 

.72 

.0080 

.0002 

0.54 

1.8 

27722 

July  11 

Decided. 

Slight. 

1.04 

6.15 

2.10 

.0068 

.0386 

:0306 

.0080 

.46 

.0170 

.0001 

1.01 

1.6 

28261 

Aug.  17 

Decided. 

Cons. 

0.33 

6.00 

1.75 

.0008 

.0384 

.0208 

.0176 

.71 

.0090 

.0005 

0.38 

1.7 

28575 

Sept.  12 

Decided. 

Slight. 

0.70 

5.. 30 

2.00 

.0036 

.0330 

.0264 

.0066 

.48 

.0170 

.0001 

0.66 

1.0 

28941 

Oct.   10 

Decided. 

Slight. 

0.65 

7.20 

2.50 

,0120 

.0320 

.0270 

.0050 

.64 

.0130 

.0008 

0.82 

2.0 

29275 

Nov.    7 

Decided. 

Cons. 

0.98 

7.15 

2.75 

.0120 

.0368 

.0328 

.0040 

.71 
.62 

.0160 
.0133 

.0006 

1.05 
0.74 

2.0 

Av... 

0.71 

6.39 

2.15 

.0072 

.0379 

.0288 

.0091 

.0004 

1.7 

Odor,  generally  vegetable,  and  occasionally  unpleasant  or  disagreeable, 
lected  from  the  river,  below  Dodgeville. 


•  The  samples  were  col- 


Ware  River. 

Chemical  Examination  of  Water  from  Ware  River,  at  Gold  Brook  Station,  Barre. 

[Parts  per  100,000.] 


c 
o 

o 
O 

o 
« 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

6 

a 

i 

Nitrogen 

AS 

•d 

1 
s 

o 
c 
to 

& 

o 

Turbidity. 
Sediment. 

O 

"3 

a 
o 

1 

£ 

albuminoid.     1 

S 

u 

a- 

o 

i 

Dissolved. 

Sus- 
pended. 

c 

a 

X 

1899. 

25831 

Jan.    2 

V.  slight. 

V.  Blight. 

.40 

2.85 

1.25 

.0006 

.0154 

.0140 

.0014 

.15 

.0040 

.0000 

.50 

0.5 

26089 

Jan.  31 

V.  slight. 

V.  Blight. 

.40 

3.25 

1.35 

.0000 

.0114 

.0106 

.0008 

.13 

.0060 

.0001 

.52 

0.3 

26357 

Feb.  28 

V.  slight. 

V.  slight. 

.35 

2.50 

1.25 

.0034 

.0118 

.0110 

.0008 

.11 

.0050 

.0000 

.43 

0.3 

26646 

Apr.    3 

V.  slight. 

None. 

.33 

3.10 

1.45 

.0002 

.0110 

.0102 

.0008 

.11 

.0050 

.0000 

.45 

0.2 

26989 

May    2 

V.  slight. 

V.  Blight 

.56 

2.95 

1.30 

.0006 

.0208 

.0174 

.0034 

.12 

.0040 

.0000 

.66 

0.2 

27285 

May  31 

Slight. 

Slight. 

.66 

3.05 

1.65 

.0020 

.0208 

.0194 

.0014 

.13 

.0010 

.0000 

.62 

0.5 

27678 

July     6 

V.  slight. 

V.  slight. 

.70 

3.45 

1.75 

.0012 

.0222 

.0206 

.0016 

.11 

.0020 

.0000 

.85 

0.6 

27927 

July  31 

v.  slight. 

V.  Blight. 

.73 

4.15 

1.95 

.0010 

.0248 

.0226 

.0022 

.10 

.0020 

.0000 

.85 

0.5 

28416 

Aug.  31 

V.  slight. 

V.  Blight. 

.40 

3.85 

1.70 

.0010 

.0232 

.0214 

.0018 

.12 

.0020 

.0000 

.54 

0.6 

28853 

Oct.     2 

Slight. 

V.  Blight. 

.38 

4.00 

1.65 

.0008 

.0220 

.0198 

.0022 

.21 

.0040 

.0000 

.60 

0.6 

29186 

Oct.    31 

V.  slight. 

V.  slight. 

.48 

3.85 

1.60 

.0012 

.0198 

.0164 

.0034 

.24 

.0020 

.0001 

.58 

0.5 

29512 

Nov.  28 

V.  Blight. 

None. 

.56 

3.65 

1.20 

.0002 

.0176 

.0166 

.0010 

.17 

.0010 

.0001 

.59 

0.6 
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WARE  RIVER. 

Chemical  Examination  of  Water  from  Ware  River,  at  Cold  Brook  Station,  Barre 

—  Concluded. 

Averages  by  Tears. 

[Parts  per  100,000.] 


.2 

o 

o 

o 
« 

Appearance. 

RESIDnE   ON 

EVAPOBA- 

TION. 

Ammonia. 

o 
.14 

Nitrogen 

AS 

•6 

i 

s 

c 

o 

o 

a 

O 

•3 
3 
s 
Eh 

1 

•3 
aa 

o 
o 

"5 
1 

d 
o 

£ 

albdminoid. 

1 

.a 

a 

3 
'A 

o 

o 

5 

•d 

"O 

1  c 

3  P. 

CO 

1 

- 

1894 

- 

- 

.74 

3.55 

1.47 

.0005 

.0179 

.0155 

.0024 

.0023 

.0000 

.63 

0.8 

- 

1895 

- 

- 

.78 

3.96 

1.70 

.0014 

.0219 

.0199 

.0020 

.17 

.0051 

.0000 

.79 

0.9 

- 

1896 

- 

- 

.72 

3.36 

1.52 

.0003 

.0198 

.0177 

.0021 

.11 

.0038 

.0000 

.73 

0.8 

- 

1897 

- 

- 

.83 

3.60 

1.55 

.0010 

.0193 

.0173 

.0020 

.14 

.0032 

.0000 

.69 

0.7 

- 

1898 

- 

- 

.76 

3.51 

1.67 

.0011 

.0196 

.0177 

.0019 

.14 

.0027 

.0000 

.76 

0.7 

- 

1899 

- 

- 

.50 

3.38 

1.51 

.0010 

.0184 

.0167 

.0017 

.14 

.0032 

.0000 

.60 

0.4 

Note  to  analyses  of  1899  :  Odor,  generally  faintly  vegetable,  sometimes  none.    On  heating,  the  odor 

of  some  of  the  samples  became  stronger. The  samples  were  collected  from  the  river,  at  the  railroad 

bridge,  near  Cold  Brook  station,  in  the  south-easterly  part  of  the  town  of  Barre. 


Chemical  Examination  of  Water  from  Ware  River,  below  Ware. 

[Parts  per  100,000.] 


1 

1 
o 
a> 

Q 

Appearance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

e 
c 
'C 
o 

o 

.21 
.14 
.25 
.25 
.38 
.26 

.25 

Nitrogen 

AS 

•6 

a 

3 

3 
O 

U 

3 

O 

H 

u 

3 

1 

o 
o 
O 

1 

c 
o 

§1 

09*— ( 

O 

I 

Em 

albuminoid. 

1 

"S 

S 

1 

o 

"d 
o 
5 

1  c 

3  P- 

a: 

09 

3 

■s 

27454 
27687 
28136 
28617 
28943 
29281 

1899. 

June  14 

July     6 
Aug.   9 
Sept.  12 
Oct.  10 
Nov.    7 

Slight. 

Slight. 

Slight. 

Decided. 

Decided. 

Decided. 

Cons. 

Cons. 

Slight. 

Cons. 

Cods. 

Cons., 
floe. 

.44 
.60 
.48 
.46 
.31 
.47 

3.75 
4.20 
4.75 
5.40 
5.65 
5.15 

1.25 
1.75 
2.00 
1.90 
1.95 
1.75 

.0024 
.0066 
.0044 
.0032 
.0116 
.0028 

.0404 
.0384 
.0328 
.0396 
.0404 
.0312 

.0272 
.0280 
.0248 
.0284 
.0262 
.0264 

.0132 
.0104 
.0080 
.0112 
.0142 
.0048 

.0010 
.0030 
.0020 
.0010 
.0010 
.0010 

.0003 
.0002 
.0003 
.0006 
.0006 
.0002 

.59 
.74 
.68 
.63 

.58 
.72 

.66 

0.8 
0.6 
0.8 
1.0 
1.3 
1.0 

Av... 

.46 

4.82 

1.77 

.0052 

.0371 

.0268 

.0103 

.0015 

.0004 

0  9 

Odor  In  September  and  November,  faintly  unpleasant;  at  other  times,  distinctly  vegetable  and 
sometimes  mouldy. 
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WESTFIELD  RIVER. 


Westfield  Rivee. 


Chemical  Examination  of  Water  from  Westfield  River,  above  Westfield. 

[Parts  per  100,000.] 


a 
.2 

o 
O 

O 

Appearance. 

Kesidue  on 
Evapora- 
tion. 

Ammonia. 

o 

_6_ 

Nitrogen 

AS 

a 

a 

s 
o 

a 
o 

jo 
3 

3 

1 
•3 

o 
o 

a 
o 

c 

ALBUMINOID. 

2 

g 

1 

a 

"5 

•s 

•a 
> 
o 

5 

1 

1S99. 

27477 

June  19 

V.  slight. 

V.  slight. 

.11 

3.60 

1.45 

.0008 

.0118 

.0098 

.0020 

.11 

.0020 

.0001 

.24 

2.0 

27804 

July  18 

V.  slight. 

V.  slight. 

.13 

4.40 

1.25 

.0002 

.0144 

.0126 

.0018 

.11 

.0020 

.0000 

.31 

2.0 

28269 

Aug.  17 

V.  Blight. 

Slight. 

.10 

4.70 

1.20 

.0038 

.0150 

.0132 

.0018 

.17 

.0040 

.0000 

.25 

2.0 

28910 

Oct.     6 

V.  slight. 

V.  slight. 

.22 

4.45 

1.40 

.0006 

.0172 

.0132 

.0040 

.19 

.0010 

.0000 

.40 

2.2 

29404 

Nov.  14 

V.  slight. 

V.  slight. 

.30 
.17 

3.85 

1.30 

.0008 
.0012 

.0128 

.0118 

.0010 

.11 

.14 

.0030 

.0001 

.50 
.34 

1.7 

Av... 

4.18 

1.32 

.0142 

.0121 

.0021 

.0024 

.0000 

2  0 

Odor  of  the  last  sample,  none;  of  the  others,  vegetable. The, samples  were  collected  from  the 

river,  above  the  thickly  settled  portions  of  the  town. 


Chemical  Examination  of  Water  from  Westfield  River,  below  Westfield. 

[Parts  per  100,000.] 


Odor,  generally  faintly  vegetable,  sometimes  unpleasant,   becoming  stronger  on  heating. The 

samples  were  collected  from  the  river,  at  Mittineague. 


SUMMARY 


WATER  SUPPLY  STATISTICS; 


EECORDS  OF  EAINFALL  AND  FLOW  OF  STREAMS. 


[397] 


SUMMAEY  OF  WATER  SUPPLY  STATISTICS. 


During  the  year  1899  a  public  water  supply  was  introduced  for 
the  first  time  into  the  towns  of  Falmouth  and  Huntington,  and 
important  changes  were  made  in  the  water  supplies  of  other  cities 
and  towns.  At  the  end  of  the  year  the  State  contained  32  cities 
and  321  towns,  and  of  these  all  of  the  cities  and  132  of  the  towns 
were  provided  with  public  water  supplies. 

The  following  table  gives  a  classification  by  population  of  cities 
and  towns  having  and  not  having  a  public  water  supply  Dec.  31, 
1899.     The  populations  are  taken  from  the  census  of  1895  :  — 


Population 
(1895). 


Under  500, 
500-1,000, 
1,000-1,500, 
1,500-2,000, 
2,000-2,500, 
2,500-3,000, 
3,000-3,500, 
3,500-4,000, 
4,000-4,500, 
Above  4,500, 

Totals, 


Kumber  of 
Places  of  Given 

Population 
having  a  Pub- 
lic Water 
Supply. 


Total 
Population  of 

Places 

in  Preceding 

Column. 


0 
3,301 
13,362 
15,722 
22,182 
25,099 
32,515 
21,788 
39,006 
2,088,793 


2,261,768 


Number  of 

Places  of  Given 

Population 

not  having  a 

Public 
Water  Supply. 


189 


Total 
Population  of 

Places 

in  Preceding 

Column. 


13,287 

42,503 

44,904 

51,754 

28,882 

24,392 

22,599 

0 

4,055 

6,039 


238,415 


From  the  totals  given  in  the  preceding  table  it  will  be  seen  that 
only  46.5  per  cent,  of  the  total  number  of  cities  and  towns  have 
public  water  supplies,  but  that  90.5  per  cent,  of  the  whole  popula- 
tion of  the  State  is  contained  within  these  cities  and  towns.  The 
number  of  people  to  whom  a  public  water  supply  is  available  is,  of 
course,  somewhat  less  than  the  total  population  of  the  municipalities 
supplied,  but  the  difference  is  not  large. 
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There  are  now  9  towns  having,  by  the  census  of  1895,  a  popula- 
tion exceeding  3,000  which  are  not  provided  with  a  public  water 
supply.     These  are  given  in  the  following  table  :  — 


Towns. 

Population  in 
1895. 

Towns. 

Population  In 
1895. 

Blackstoae, 

Barnstable, 

Sutton 

Tewkabury, 

Pepperell 

6,039 
4,055 
3,420 
3,379 
3,321 

Dudley, 

Chelmsford 

Dartmouth 

Deerfield 

3,203 
3,162 
3,107 
3,007 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  was  first  in- 
troduced into  a  city  or  town  :  — 


Number  of 

Places 
supplied. 


Previous  to  1850, 
1850-1859,     . 
1860-1869,     . 
1870-1879,     . 
1880-1889,     . 

1890,  . 

1891,  . 

1892,  . 


893, 
894, 


Total, 


Number  of 

Places 
supplied. 


At  the  end  of  the  year  1899  all  of  the  32  cities  in  the  State,  hav- 
ing by  the  census  of  1895  an  aggregate  population  of  1,640,503, 
owned  their  water  works.  Of  the  132  towns  having  a  public  water 
supply,  83,  with  a  population  of  408,020,  owned  their  works,  while 
49,  having  a  population  of  213,245,  were  supplied  by  private  com- 
panies. The  total  population  in  both  cities  and  towns  owning  their 
works  was  2,048,523,  against  213,245  in  those  supplied  by  private 
companies. 

The  following  table  gives  statistics  with  regard  to  the  consump- 
tion of  water  in  the  cities  and  towns  in  this  State  where  such  records 
are  kept.  The  populations  for  1899  as  given  in  the  table  were  ob- 
tained by  adding  four-fifths  of  the  increase  in  population  from  1890 
to  1895  to  the  population  as  determined  by  the  census  taken  in  the 
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latter  year.  The  daily  consumption  of  water  per  inhabitant  has 
been  obtained  by  dividing  the  average  daily  consumption  by  the 
estimated  total  population  of  the  city  or  town  in  1899.  The  amount 
obtained  in  this  manner  is  somewhat  less  than  the  average  amount 
used  per  consumer,  because  there  are  in  all  cities  and  towns  a 
greater  or  less  number  of  people  who  do  not  use  the  public  water 
supply.  The  difference  between  the  number  of  inhabitants  and 
consumers  would  account  to  a  large  extent  for  the  low  rate  per 
inhabitant  in  some  of  the  towns  where  works  have  been  in  opera- 
tion for  a  short  time  only,  and  where,  in  consequence,  water  has 
not  been  generally  introduced.  In  some  towns  the  population 
during  the  summer  months  is  much  greater  than  that  which  is 
shown  by  census  returns,  and  in  such  cases  the  consumption  per 
inhabitant  as  given  in  the  table  is  somewhat  higher  than  it  would 
be  if  allowance  were  made  for  the  increased  population  in  the 
summer. 


Statistics  relating  to  the  Consumption  oj  Water  in  Various  Cities  and  Towns. 


City  or  Town. 

Esti- 
mated 
Popula- 
tion in 
1899. 

Average 

Daily 
Consump- 
tion. 
Gallons. 
1899. 

Daily 
Consump- 
tion per 
Inhabi- 
tant. 
Gallons. 
1899. 

City  ok  Town. 

Esti- 
mated 
Popula- 
tion iu 
1899. 

Average 

Daily 
Consump- 
tion. 
Gallons. 
1899. 

Daily 
Consump- 
tion per 
Inhabi- 
tant. 
Gallons. 
1899. 

Metropolitan  Water 
District. 

Abintiton  and  Rock- 
land. 

Ameabury,*    .        . 

802,800 
9,936 
10,136 

88,533,000 
446,000 
326,000 

110 

45 
32 

Eaethampton, 
Easton,    . 
Fairhaven, 

5,106 
4,419 
3,674 

314,000 
106,000 
216,000 

61 

24 
59 

Andover,- 

6,147 

392,000 

64 

Fall  River, 

101,047 

3,681,000 

35 

Attleborough, 

8,856 

365,000 

41 

Foxborough, 

3,447 

195,000 

67 

Avon, 

1,819 

55,000 

30 

Framlngham, 

9,730 

416,000 

43 

Ayer, 

2,063 

94,000 

46 

Franklin, 

5,380 

167,000 

31 

Beverly,  . 

12,594 

961,000 

76 

Gardner, . 

9,788 

698,000 

71 

Billerica,! 

2,735 

41,000 

15 

Gloucester, 

31,059 

968,000 

31 

Braintree, 

5,683 

452,000 

80 

Grafton,  . 

5,180 

82,000 

16 

Bridgewater  and  E. 

Bridgewater. 
Brockton, 

7,916 
37,861 

213,000 
1,137,000 

27 
30 

Groton,    . 
Hopkinton, 

2,300 
2,100 

106,000 
32,000 

46 
15 

Brookline, 

19,415 

1,772,000 

91 

Hyde  Park, 

13,132 

701,000 

53 

Cambridge, 

90,935 

7,773,000 

85 

Ipswich,  . 

4,945 

86,000 

17 

Canton,    . 

4,715 

208.000 

44 

Lawrence, 

58,172 

3,205,000 

65 

Cohasset, 

2,494 

127,000 

51 

Lexington, 

3,738 

141,000 

38 

Danvera  and    Mid- 

dleton. 
Dedbam, . 

9,532 
7,281 

674.000 
600,000 

71 

82 

Longmeadow, 
Lowell,    . 

626 
89,703 

60,000 
7,286,000 

96 
81 

*  Nine  months. 


t  Ten  months. 
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Statistics  relating  to  the  Consumption  of  Water  in  Various  Cities  and  Towns — 

Concluded. 


Esti- 

Average 

Daily 
Consump- 
tion. 

Daily 
Consump- 

Esti- 

Average 

Daily 
Consump- 
tion. 

Daily 
Consump- 

City or  Town. 

mated 
Popula- 
tion in 

tion  per 

Inliabi- 

tant. 

CiTT  OR  Town. 

mated 
Popula- 
tion in 

tion  per 
Inhabi- 
tant. 

1899. 

Gallons. 

Gallons. 

1899. 

Gallons. 

Gallons. 

1899. 

1899. 

1899. 

1899. 

Lynn  and  Saugus,  . 

72,812 

5,379,000 

74 

Peabody, 

10,787 

1,138,000 

105 

Manchester,    . 

1,946 

211,000 

109 

Provlncetown, 

4,485 

172,000 

38 

Mansfield, 

3,954 

139,000 

35 

Randolph  and  Hol- 
brook. 

5,648 

292,000 

52 

Marblehead,    . 

7,246 

456,000 

63 

Reading,  . 

5,221 

131,000 

25 

Marlborough, . 

15,915 

525,000 

33 

Rockport, 

6,251 

191,000 

31 

Maynard, 

3,402 

116,000 

34 

Rutland,  . 

977 

46,000 

,    47 

Methuen, 

6,391 

249,000 

39 

Salem, 

37,410 

2,502,000 

66 

Middleborough, 

7,188 

224,000 

31 

Sharon,    . 

1,784 

64,000 

36 

Milford  and  Hope- 

10,640 

668,000 

63 

Stoughton, 

5,608 

252,000 

45 

dale. 

Millbury, 

5,858 

117,000 

20 

Taunton, . 

28,449 

1,458,000 

51 

Milton,     . 

6,510 

148,000 

23 

Tisbury,  . 

978 

60,000 

62 

Montague, 

5,868 

430,000 

73 

Wakefield  and 
Stoneham. 

15,749 

949,000 

60 

Nantucket, 

2,814 

121,000 

43 

Walpole, . 

3,306 

146,000 

44 

Natick,     . 

8,570 

395,000 

46 

Waltham, 

22,610 

1,683,000 

75 

Needham, 

3,892 

225,000 

58 

Ware,      . 

7,907 

282,000 

36 

New  Bedford, 

66,864 

6,743,000 

101 

Wareham,  Onset 
Bay. 

3,300 

20,000 

6 

Newburyport, 

15,036 

588,000 

39 

Webster, 

8,413 

299,000 

36 

Newton,  . 

30,159 

2,038,000 

68 

Wellesley, 

4,730 

214,000 

45 

No.  Andover,* 

3,431 

53,000 

15 

Weston,  . 

1,746 

55,000 

32 

No.  Attleborough, . 

6,456 

243,000 

37 

Whitman, 

6,786 

162,000 

24 

No.  Brookfield, 

5,246 

185,000 

35 

Winchendon,  . 

4,570 

62,000 

14 

Norwood, 

5,246 

424,000 

81 

Woburn, . 

14,721 

1,110,000 

75 

Orange,    . 

5,996 

160,000 

27 

Worcester, 

110,055 

7,632,000 

69 

*  Eleven  months. 
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Eainfall. 

The  average  rainfall  in  Massachusetts  for  the  year  1899  was  39.48 
inches,  or  5.86  inches  less  than  the  normal.  A  considerable  excess 
of  rainfall  occurred  in  the  months  of  January,  February,  March  and 
September  and  a  slight  excess  in  the  month  of  June,  but  during  the 
remainder  of  the  year  the  rainfall  for  each  month  was  below  the 
normal  for  that  month.  The  accumulated  deficiency  in  the  nine 
months  from  April  to  December  inclusive  was  9.91  inches.  The 
greatest  deficiency  in  any  one  month  was  2.36  inches,  which  oc- 
curred in  May. 

The  average  rainfall  in  Massachusetts,  as  deduced  from  long- 
continued  observations  in  various  parts  of  the  State,  is  given  in 
the  following  table,  together  with  the  rainfall  for  each  month  in 
1899  and  the  departures  from  the  normal  :* — 


Month. 

Normal 
Kainfall. 

Inches. 

Rainfall. 
1899. 

Inches. 

Excess  or 

Deficiency. 

1899. 

Inches. 

Month. 

Normal 
Kainfall. 

Inches. 

Kainfall. 
1899. 

Inches. 

Excess  or 

Deficiency. 

1899. 

Inches. 

January,      . 
February,    . 
March, 
April,  . 
May,    .        .        . 

3.97 
3.70 
4.02 
3.39 
3.69 
3.23 
3.85 

4.20 
4.64 
6.90 
1.74 
1.33 
3.30 
3.69 

+0.23 
+0.94 
+2.88 
—1.65 
—2.36 
+0.07 
—0.16 

August, 
September,  . 
October, 
November,   . 
December,    . 
Total,     . 

4.35 
3.34 
4.08 
4.18 
3.54 

2.04 
5.07 
2.55 
2.24 

1.78 

—2.31 

+1.73 
—1.53 
—1.94 
—1.76 

June,   . 
July,    . 

45.34 

39.48 

—5.86 

To  show  the  condition  of  the  streams  or  sources  of  water  supply 
from  which  samples  of  water  have  been  collected  for  analysis  during 
1899,  the  following  tables  are  presented,  which  give  the  daily  rain- 
fall in  inches  at  9  stations  scattered  throughout  the  State  :* — 


*  Prepared  from  the  records  of  the  New  England  section  of  the  climate  and  crop  service 
of  the  Weather  Bureau. 
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Daily  Rainfall 

in  Inches  at  Nine  Places  in  Massachusetts 

Geographically  selected. 

January,  1899. 

February,  1899. 

Dai- 
op 
Month. 

« 

CO 

s 

•n 

a 

03 

u 

B 
< 

a 

OS 

bo 

a 
fa 

5 

a 
x: 

c 

1 

03 

o 
c 
3 
« 

o 

« 

"A 

Day 

OP 

Month. 

2 
o 

to 

.5 

o. 
m 

a 
< 

fa 

1 

to 

a 

2 
fa 

05 

OD 

e 

o 

c 

3 
03 

E- 

■d 
u 

•a 
Si 

1, 
2, 
3, 
4, 
5, 
6, 

8, 

10, 

11, 
12, 
13, 
14, 
15, 
16, 
17, 
18, 
19, 
20, 
21, 
22, 
23, 
24, 
25, 
26, 
27, 
28, 
29, 
30, 
31, 
T 

Dtale, 

0.25 

* 
0.94 

* 
0.38 

* 
0.54 

* 
1.09 

3.20 

0.55 

0.01 

0.55 
0.40 

0.60 
0.47 

0.40 
0.43 

3.41 

0.70 

0.07 
0.51 
0.40 

0.06 
0.49 

0.63 

~ 

0.25 
0.36 

3.47 

0.12 

0.01 

* 
1.04 

0.02 

* 
0.50 

0.81 

* 
1.49 

0.20 
4.19 

0.20 

* 

1.06 

_ 

* 
0.45 

* 
0.95 

» 
1.85 

0.08 
4.69 

1.00 

* 
0.72 

* 
0.57 

0.75 

_ 

* 
0.84 

3.88 

0.44 
0.91 

0.61 
0.89 

1.69 
1^4 

0.05 

« 
1.48 

• 
0.40 

• 
1.40 

* 
1.97 

0.14 
5.44 

0.40 

« 
1.20 

* 
0.56 

* 
1.40 

* 
1.64 

0.10 
5.30 

1,  • 

2,  . 

3,  . 

4,  . 

5,  . 

6,  . 

7,  . 

8,  . 

9,  . 

10,  . 

11,  . 

12,  . 

13,  , 

14,  . 

15,  . 

16,  . 

17,  . 

18,  . 

19,  . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 

25,  . 

26,  . 

27,  . 

28,  . 

Totals, 

* 
0.68 
0.10 

0.30 
0.90 

0.50 

* 

1.10 

* 

0.27 

* 

0.32 

* 
0.55 

4-2 

0.40 
0.40 
0.25 

0.15 
0.37 

0.11 
1.50 

0.10 
0.37 

0.03 

* 
0.67 

4.25 

0.07 

0.46 
0.29 
0.04 

0.14 
0.26 

0,18 
0.86 
0.38 

0.11 
0.08 

0.10 
0.23 

3.19 

* 
0.72 
0.06 

0.97 

* 

* 

1.96 

0.38 
* 

0.49 

* 
0.21 

4.79 

0.02 

« 
0.78 
0.05 

* 
1.21 

* 
1.89 

0.35 
0.50 

* 
0.23 

5.03 

0.06 

* 
0.56 
0.03 

* 
0.60 

* 

* 

0.89 

0.02 

* 

0.31 

* 
0.17 

2.14 

0.10 

0.83 

0.42 
0.26 

0.30 
0.38 
0.56 

0.37 
0.05 
0.34 

0.14 

3.75 

0.10 

0.50 
0.13 

* 
1.00 

* 

* 

2.10 

* 

* 

* 

0.97 

* 
0.69 

5.49 

0.10 

* 
0.55 
0.15 

* 
0.99 

0.55 

* 

1.35 

* 
0.46 
0.02 
0.62 

* 
0.62 

5.31 

Precipitation  included  in  that  of  following  day. 
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Daily  Rainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Oeographically  selected 

—  Continued, 


Marcli,  1899.                                    { 

April,  1S99. 

DAT 
OF 

Month. 

2 

60 
OS 

S 

< 

.a 
S 

i 

BO 

c 

a 

s 

c 

O 

a 

i 

c 
o 

c 

3 

DAT 
OP 

Month. 

bo 

c 

CO 

a 

a 
a 
a 
o 

a 

si 
c 

1 

X 

.a 
O 

1 
"S 

c 
o 

c 

C3 

•2 
■a 

1,    . 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

1,  . 

- 

- 

- 

- 

- 

- 

- 

- 

_ 

2,    . 

* 

* 

0.38 

* 

* 

* 

- 

* 

* 

2,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,    . 

0.15 

0.30 

0.17 

0.58 

0.72 

0.36 

0.78 

* 

0.47 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,    . 

* 

0.15 

0.13 

* 

0.68 

« 

- 

• 

« 

4,  . 

- 

- 

-' 

- 

- 

- 

- 

.      - 

- 

5,    . 

1.01 

0.89 

0.76 

0.88 

0.08 

* 

0.73 

1.27 

* 

5,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,    . 

- 

- 

- 

- 

~ 

0.90 

- 

- 

1.20 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,    . 

0.30 

0.20 

0.71 

0.70 

0.72 

* 

- 

0.38 

0.18 

7,  . 

* 

- 

- 

* 

- 

* 

- 

- 

* 

8,    . 

- 

- 

- 

- 

- 

0.78 

0.55 

- 

- 

8,  . 

1.04 

0.66 

0.92 

0.84 

0.78 

0.76 

0.77 

0.78 

0.48 

9,    . 

- 

- 

- 

0.04 

0.02 

- 

- 

* 

0.12 

9,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,    . 

- 

- 

- 

- 

- 

- 

- 

0.03 

0.10 

10,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,    . 

- 

- 

- 

0.01 

- 

- 

- 

- 

- 

11,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,    . 

0.16 

0.13 

0.27 

0.09 

0.05 

0.24 

0.13 

0.07 

* 

12,  . 

0.10 

0.11 

0.10 

0.13 

0.10 

0.16 

- 

0.12 

0.15 

13,    . 

- 

- 

- 

- 

- 

- 

- 

- 

0.10 

13,  . 

- 

0.04 

- 

- 

- 

0.11 

- 

- 

14,    . 

- 

- 

- 

* 

- 

* 

- 

« 

* 

14,  . 

0.07 

- 

- 

0.01 

0.03 

0.13 

0.10 

- 

- 

15,    . 

* 

0.57 

0.47 

0.99 

0.89 

* 

- 

* 

0.03 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,    . 

1.08 

0.45 

0.62 

- 

- 

0.95 

0.84 

0.75 

0.64 

16,  . 

« 

0.8o'o.62 

0.63 

* 

* 

- 

* 

* 

17,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,  . 

1.05 

- 

- 

0.51 

0.46 

0.38 

0.43 

1.20 

18,    . 

1.52 

0.50 

0.48 

* 

* 

« 

- 

* 

* 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,    . 

- 

1.07 

1.09 

1.69 

* 

1.29 

- 

2.35 

* 

19,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,    . 

- 

0.04 

- 

- 

1.74 

- 

1.55 

- 

2.10 

20,  . 

- 

- 

- 

- 

0.03 

- 

- 

- 

- 

21,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,  . 

0.07 

0.04 

- 

0.07 

- 

- 

- 

0.26 

0.24 

22,    . 

* 

0.48 

0.44 

* 

* 

* 

0.69 

* 

* 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,    . 

1.10 

0.67 

0.83 

1.42 

1.40 

1.29 

0.94 

1.62 

1.56 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,    . 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

- 

- 

- 

- 

0.02 

- 

- 

0.15 

- 

25,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

* 

0.05 

- 

0.04 

- 

* 

0.02 

- 

0.01 

26,    . 

0.60 

0.37 

0.20 

0.28 

0.25 

O.IS 

0.26 

0.30 

0.45 

26,  . 

0.04 

0.03 

- 

0.01 

- 

0.44 

- 

- 

- 

27,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,  . 

- 

- 

- 

- 

- 

- 

0.38 

- 

- 

28,    . 

* 

* 

0.06 

* 

* 

* 

- 

* 

* 

28,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29,    . 

0.88 

1.05 

0.65 

0.26 

0.39 

0.30 

0.38 

0.31 

0.40 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31,    . 

-    0.09 

0.10 

0.110.10 

0.12 

0.13 

0.04 

- 

Totals, 

6.80  6.96 

7.36 

7.05  7.06 

6.41 

6.98 

7.12'7.35 

Totals, 

2.37 

1.73  1.64 

1 

1.73 

1.47 

1.95J1.76 

1.74 

2.08 

*  Precipitation  included  in  tliat  of  following  day. 
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Daily  Rainfall  in  Inches  at  Niiie  Places  in  Massachusetts,  Geographically  selected 

—  Continued. 


May,  1899. 

June,  1899. 

DAT 
OP 

Month. 

2 
1 

p. 
CO 

a 

< 

ti) 
a 
a 

Si 

i 

si 
bo 
C 

1 

u 
in 

W 

3 

a 

Si 
o 

1 

"3 

03 

1 

c 
s 

■d 

DAT 

OF 

Month. 

•6 
o 
a 

a. 

03 

si 

a 

u 

3 

O 

1 

60 

a 

a 
g 

5 

3 

a 
o 

3 

a 
1 

a 
o 

c 

3 
si 

-a 

1,    . 

0.15 

- 

- 

0.42 

1 

0.32  0.71 

- 

- 

- 

1,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,    . 

- 

- 

0.45 

0.23 

- 

- 

0.86 

0.72 

0.18 

2,  . 

- 

- 

- 

0.02 

0.02 

- 

- 

0.06 

- 

3,    .        . 

- 

- 

- 

- 

- 

- 

0.01 

- 

- 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,    . 

- 

- 

- 

-' 

- 

- 

- 

- 

- 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,    . 

- 

- 

- 

- 

- 

- 

- 

- 

5,  , 

0.14 

- 

- 

- 

- 

- 

- 

- 

- 

6,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,  . 

- 

- 

0.10 

0.09 

0.43 

* 

- 

0.49 

- 

8,    . 

- 

- 

- 

- 

0.03 

- 

- 

- 

- 

8,  . 

- 

- 

- 

- 

- 

0.19 

0.12 

- 

- 

9,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,    . 

- 

- 

- 

- 

- 

- 

- 

0.65 

- 

10,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,    . 

0.13 

0.22 

0.11 

0.16 

0.06 

0.07 

0.03 

- 

0.36 

11,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

12,    . 

- 

- 

- 

- 

- 

- 

- 

0.25 

- 

12,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13,    .        . 

« 

0.04 

0.03 

0.12 

0.10 

0.10 

- 

- 

- 

13,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,    . 

0.13 

- 

- 

- 

- 

- 

0.09 

0.05 

0.05 

14,  . 

- 

0.07 

0.05 

- 

0.01 

- 

0.15 

- 

- 

15,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,  . 

0.97 

2.00 

1.75 

0.79 

0.46 

* 

- 

- 

0.02 

16,    . 

« 

0.25 

0.02 

0.11 

- 

0.01 

- 

- 

- 

16,  . 

- 

- 

- 

- 

- 

0.40 

0.47 

0.10 

- 

17,    .        . 

0.18 

- 

- 

- 

0.05 

- 

- 

- 

0.17 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    . 

0.03 

0.06 

- 

0.02 

0.08 

0.02 

- 

0.18 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,    . 

- 

0.06 

0.04 

0.01 

- 

- 

0.05 

- 

0.12 

19,  . 

- 

- 

- 

- 

- 

0.15 

0.17 

0.64 

- 

20,    . 

- 

- 

0.05 

* 

- 

- 

- 

- 

0.01 

20,  . 

0.63 

0.46 

0.84 

0.38 

0.44 

0.38 

- 

0.10 

- 

21,    . 

- 

- 

- 

0.24 

0.20 

0.12 

0.14 

- 

0.02 

21,  . 

- 

- 

- 

- 

- 

- 

0.78 

- 

- 

22,    . 

0.05 

- 

- 

- 

- 

- 

0.05 

0.14 

- 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

* 

0.60 

0.16 

0.18 

* 

* 

- 

- 

1.56 

25,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,  . 

0.50 

0.43 

0.27 

0.06 

0.27 

0.31 

0.10 

0.96 

* 

26,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26,  . 

- 

- 

- 

- 

- 

- 

0.22 

- 

0.74 

27,    . 

- 

0.04 

- 

0.05 

- 

- 

- 

- 

- 

27,  . 

- 

- 

- 

- 

- 

- 

- 

- 

~ 

28,    . 

* 

0.32 

- 

- 

0.02 

0.11 

- 

- 

- 

28,  . 

* 

0.34 

0.64 

« 

* 

* 

0.58 

- 

0.16 

29,    . 

1.11 

- 

0.42 

O.Of 

- 

- 

0.05 

- 

0.80 

29,  . 

1.79 

0.72 

0.58 

0.96 

1.10 

0.91 

- 

1.72 

1.24 

30.    . 

- 

- 

- 

- 

- 

0.48 

0.05 

0.18 

- 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

TotalB, 

1.78 

0.99 

1.12 

1.3! 

iO.9 

1.62 

1.33 

2.17 

1.21 

TotalB, 

4.03 

4.62 

4.29 

2.48 

2.73 

2.40 

2.5S 

4.07 

3.72 

*  Precipitation  incladed  in  tliat  of  following  day. 
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July,  1899.                                    1 

Angust,  1899. 

Day 

OF 

Month. 

« 

be 

B 
03 

J3 

a 

< 

s 

O 

a 

1 
a 
g 

s 

3 
1 

s 

a 
P 

a 
1 

a 
o 

0 

1 

DAT 
OF 

Month. 

U 

a 
m 

a 

3 

5 

a 

be 
Q 

a 

Q 

c 

3 

a 

02 

s 
o 

a 

3 

a 

1 

•a 

1,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

1,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,  . 

- 

- 

- 

- 

- 

0.52 

0.02 

- 

- 

3,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,  . 

- 

- 

- 

- 

- 

- 

- 

- 

0.01 

4,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,  . 

- 

- 

- 

- 

0.04 

- 

- 

- 

- 

5,    . 

- 

- 

- 

- 

- 

- 

- 

0.04 

- 

5,  . 

- 

- 

- 

0.01 

- 

0.21 

0.21 

- 

- 

6,    . 

* 

0.20 

- 

3.09 

0.11 

- 

- 

- 

- 

6,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,    .        . 

0.11 

- 

0.73 

- 

0.53 

- 

- 

0.03 

0.94 

7,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,    . 

* 

1.90 

0.60 

1.23 

0.59 

- 

- 

_ 

0.16 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,    . 

2.68 

0.05 

0.58 

* 

0.27 

1.41 

0.79 

1.74 

1.62 

9,  . 

- 

1.05 

- 

- 

- 

- 

- 

- 

- 

10,    . 

- 

- 

0.20 

0.03 

- 

- 

- 

0.05 

- 

10,  . 

0.70 

0.02 

1.08 

* 

* 

* 

- 

- 

* 

11,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,  . 

- 

- 

0.60 

* 

1.13 

* 

0.81 

1.45 

2.15 

12,    . 

0.34 

0.91 

0.11 

0.02 

- 

0.29 

- 

- 

- 

12,  . 

- 

- 

- 

0.96 

- 

1.21 

0.03 

- 

- 

13,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,    . 

0.53 

0.20 

0.47 

0.07 

0.10 

0.25 

0.10 

1.10 

0.48 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,    . 

- 

- 

- 

0.01 

- 

- 

- 

- 

- 

17,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,    . 

- 

- 

- 

- 

- 

0.01 

0.02 

- 

- 

18,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

19,  .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,  . 

0.25 

0.16 

- 

0.06 

- 

- 

- 

- 

- 

22,    . 

- 

- 

- 

- 

- 

- 

- 

0.09 

- 

22,  . 

0.15 

0.16 

0.53 

0.60 

2.37 

0.10 

- 

- 

- 

23,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

- 

- 

0.05 

- 

0.04 

- 

1.12 

- 

- 

24,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

- 

- 

0.03 

0.02 

0.23 

- 

- 

- 

0.13 

25,    . 

* 

0.10 

0.20 

* 

0.16 

- 

- 

- 

0.25 

25,  . 

0.20 

- 

- 

0.02 

- 

- 

- 

0.34 

- 

26,    . 

0.84 

0.99 

1.28 

1.11 

1.59 

1.24 

0.96 

1.29 

0.33 

26,  . 

- 

- 

0.05 

- 

- 

- 

- 

- 

- 

27,    . 

0.56 

0.41 

0.21 

0.31 

0.29 

0.24 

- 

0.06 

0.09 

27,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29,    . 

* 

- 

0.10 

- 

- 

- 

- 

- 

- 

29,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,    . 

0.31 

0.26 

- 

0.12 

0.06 

1.02 

0.10 

0.04 

0.10 

30,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Totals, 

5.37 

5.02 

4.43 

3.10 

3.70 

4.46 

1.97 

4.44 

3.97 

Totals, 

1.30 

1.39 

2.34 

1.57 

3.81 

2.04 

2. 15 

1.79 

2.29 

*  Precipitation  included  In  that  of  following  day. 
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September,  1899. 

October,  1899. 

DAT 

OF 

Month. 

2 

"v 

02 

1 

S 

< 

1 

a 

la 

5 

C 

s 

o 

i 

c 

as 

a 

c 

c 

s 

1 

DAT 

OF 

Month. 

2 
c 

OS 

u 

ja 

a 
< 

a 

03 
C 

a 

s 
c 

S3 

o 

3 

a 

00 

c 
o 

a 

3 

1,    . 

* 

* 

0.07 

* 

0.52 

* 

- 

- 

- 

1,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,    . 

0.84 

2.98 

2.19 

0.73 

0.04 

0.68 

0.26 

0.24 

0.02 

2,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

3,    . 

0.04 

1.22 

- 

0.08 

0.07 

0.05 

- 

- 

- 

3,  , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,    . 

- 

- 

- 

- 

- 

- 

0.03 

0.54 

- 

4,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,  , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,  . 

0.03 

- 

0.04 

0.42 

0.57 

0.38 

- 

1.20 

* 

7,    . 

- 

- 

- 

- 

0.03 

- 

~ 

- 

- 

7,  . 

- 

- 

- 

- 

- 

- 

0.64 

- 

1.17 

8,    . 

0.02 

0.04 

0.02 

0.01 

- 

0.04 

0.05 

0.17 

0.08 

8,  . 

- 

- 

- 

- 

- 

- 

- 

- 

9,    . 

0.01 

- 

- 

- 

- 

- 

- 

- 

- 

9,  . 

0.17 

0.17 

0.12 

0.31 

0.31 

0.15 

- 

0.40 

0.64 

10,    .        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,  , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,    .        . 

0.02 

- 

0.07 

* 

* 

* 

- 

- 

0.01 

11,  . 

0.01 

- 

- 

- 

- 

- 

- 

- 

- 

12,    .        . 

0.05 

- 

0.11 

0.14 

0.24 

0.04 

0.32 

0.97 

1.27 

12,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13,    . 

- 

- 

- 

- 

- 

- 

- 

0.02 

13,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

16,  . 

- 

- 

- 

- 

- 

- 

- 

~ 

- 

17,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,  . 

- 

- 

- 

0.05 

- 

- 

- 

- 

- 

18,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,  . 

1.43 

0.87 

0.96 

0.23 

0.61 

1.03 

0.25 

0.42 

0.70 

19,    . 

* 

- 

- 

- 

- 

- 

- 

- 

- 

19,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,    . 

1.66 

1.18 

1.22 

1.84 

3.34j2.00 

2.86 

4.41 

2.62 

20,  . 

0.10 

0.14 

0.12 

0.17 

0.14 

0.15 

0.17 

0.04 

0.08 

21,    . 

0.37 

0.63 

0.57 

0.57 

0.140.47 

0.23 

0.42 

0.12 

21,  . 

- 

- 

- 

- 

- 

- 

- 

- 

22,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,    . 

- 

- 

- 

- 

- 

- 

- 

- 

23,  . 

0.13 

0.19 

0.04 

0.12 

0.04 

0.05 

0.04 

0.08 

- 

24,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,    . 

0.22 

0.78 

- 

- 

- 

- 

- 

- 

- 

25,  . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26,    . 

0.02 

- 

- 

- 

0.17 

0.17 

0.12 

0.33 

1.30 

26,.        . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,    . 

- 

0.52 

0.05 

- 

- 

- 

- 

- 

27,  . 

- 

- 

- 

- 

- 

* 

- 

- 

- 

28,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,  . 

- 

- 

0.02 

0.06 

0.07 

0.18 

0.03 

- 

- 

29,    . 

* 

0.14 

* 

* 

* 

* 

2.24 

1.95 

- 

29,  . 

0.36 

0.20 

0.07 

0.16 

0.22 

0.05 

0.03 

0.15 

0.07 

SO.    . 

0.08 

- 

0.05 

0.30 

0.83 

0.53 

- 

- 

1.10 

30,  . 

- 

- 

- 

- 

- 

- 

0.14 

- 

- 

31,  . 

0.7o[o.35 

0.25 

1.10 

0.85 

- 

i.n 

1.21 

0.85 

Totals, 

3.33 

^ 

4.82 

3.78 

5.38 

3.986.11 

9.05J6.52 

Totals, 

2.93il.92 

1.62 

2.62 

2.81 

1.99 

2.41 

3.50 

3.51 

*  Precipitation  included  in  that  of  following  day. 
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—  Concluded. 


November,  1899.                         | 

December,  1899. 

H 
Z 

O 

S 
02 

1 

< 

a 

ci 

fi 
be 

.5 

a 

5 

a 

c 

a 

CO 

1 

a 

1 
•a 

H 
S5 

O 

a 

i 

a 
m 

a 

< 

a 

a 

as 
S3 
bo 

a 
1 

w 

B 

1 

i 

I 

1 
■3 

1 

s 

■d 

1 

Is 

1.      • 

3.22 

).38 

9.65 

9.08 

9.76 

9.67 

9.07 

0.46 

- 

1.  • 

* 

* 

- 

- 

- 

- 

- 

- 

- 

2,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

2,   . 

0.26 

0.34 

0.14 

0.05 

0.05 

0.08 

- 

- 

0.03 

3,    . 

* 

9.07 

- 

* 

- 

- 

- 

- 

* 

3,   . 

.- 

- 

0.01 

- 

- 

- 

- 

- 

- 

4,    . 

D.68 

9.60 

0.58 

0.70 

9.87 

0.50 

9.89 

0.68 

0.70 

4,   . 

0.12 

0.21 

0.05 

0.02 

- 

0.03 

- 

- 

0.02 

5.    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

5,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

6,   . 

- 

- 

- 

- 

- 

- 

- 

- 

0.07 

7,    • 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8,   . 

- 

- 

0.01 

0.01 

- 

- 

- 

- 

0,01 

9,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

11,    . 

* 

* 

0.41 

* 

* 

* 

0.02 

- 

0.05 

11,   . 

0.01 

- 

- 

0.01 

- 

- 

- 

- 

- 

12,    . 

0.78 

0.92 

0.32 

1.10 

0.99 

0.64 

1.18 

0.40 

0.21 

12,   . 

0.36 

0.45 

0.23 

0.30 

0.22 

0.20 

0.10 

0.18 

0,23 

13,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

14,    . 

* 

* 

- 

0.02 

0.02 

- 

- 

- 

- 

14,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

15,    . 

0.19 

- 

0.11 

0.05 

0.02 

0.09 

- 

0.08 

0.05 

15,   . 

0.37 

0.65 

0.47 

0.60 

0.70 

0,52 

0.85 

0.52 

0.80 

16,    . 

- 

0.17 

- 

- 

- 

- 

0.04 

~ 

- 

16,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

17,   . 

0.06 

0.10 

- 

- 

- 

0.02 

- 

- 

- 

18,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

18,   . 

- 

- 

0.03 

0.05 

0.08 

- 

0.02 

- 

0.22 

19,    . 

0.09 

- 

- 

0.12 

0.11 

0.01 

- 

0.04 

0.02 

19,   . 

0.28 

0.13 

0.11 

0.32 

0.33 

0.13 

0.24 

0.48 

0.45 

20,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

20,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

21,    . 

- 

- 

- 

- 

- 

- 

0.05 

- 

- 

21,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

22,    . 

- 

- 

0.01 

0.05 

0.06 

0.08 

- 

- 

0.05 

22,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

23,    . 

- 

- 

- 

- 

- 

- 

- 

- 

0.03 

23,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24,   . 

0.21 

* 

0.05 

0.35 

0.37 

0.53 

- 

0.29 

0.16 

25,    , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

25,   . 

- 

0.32 

0.06 

- 

- 

- 

0.31 

- 

- 

26,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

26,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

27,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

28,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

29,   , 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,    . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

30,   . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

i.9e 

2.14 

2.0£ 

2.12 

2.83 

1.99 

2.2£ 

1.6f 

1.11 

31,   . 
Tot., 

- 

- 

- 

- 

- 

- 

- 

- 

- 

Tot., 

1.67 

2.2(1 

1.7C 

1.71 

1.75 

1,51 

1,52 

1.47 

1.99 

Totals  for  the  year, 

39.16  41. 6C 

38.0 

r36.5' 

2  42.0 

3  34.8 

r37,4( 

)  47.94  44.36 

*  Precipitation  included  in  that  of  following  day. 
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Flow  of  Steeams. 

The  flow  of  streams  for  the  year  1899,  as  indicated  by  the  rec- 
ords of  the  Sudbury  River,  was  much  less  than  the  normal  for  the 
past  twenty-five  years.  The  flow  during  the  months  of  January, 
March  and  April  was  in  excess  of  the  normal,  but  during  the 
remainder  of  the  year  the  flow  during  each  month  was  considerably 
below  the  normal.  The  yield  of  the  Sudbury  River  water-shed 
during  the  month  of  August  was  less  than  the  evaporation  from 
the  water  surfaces,  so  that  the  flow  is  represented  by  a  minus  quan- 
tity. The  flow  during  the  driest  six  months  was  less  than  during 
any  similar  period  since  measurements  have  been  made. 

In  order  to  show  the  relation  between  the  flow  of  the  Sudbury 
River  during  each  month  of  1899  and  the  normal  flow  of  the  same 
river  as  deduced  from  twenty-five  years'  observations,  from  1875  to 
1899  inclusive,  the  following  table  has  been  prepared.  The  area  of 
the  water-shed  of  the  Sudbury  River  above  the  point  of  measure- 
ment is  75.2  square  miles. 


Table  showing  the  Average  Monthly  Flow  of  Sudbury  River  for  the  Year  1899 
in  Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area  and  in  Gallons 
per  Day  per  Square  Mile  of  Drainage  Area,  also  Departures  from  the  Normal 
Flow. 


Normal  Flow.         | 

Actual  Flow  in  1899. 

Excess  or  Deficienct. 

Month. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Gallons  per 

Day 
per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Gallons  per 

Day 
per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Gallons  per 

Day 
per  Square 

Mile. 

January, 
February,    . 
March, 
April,  . 
May,    . 
June,  . 
July,    . 
August, 
September, 
October, 
November,  . 
December,  . 

1.937 
2.904 
4.489 
3.124 
1.680 
0.735 
0.305 
0.478 
0.376 
0.829 
1.475 
1.612 

1,252,000 

1,877,000 

2,901,000 

2,019,000. 

1,086,000 

475,000 

197,000 

309,000 

243,000 

536,000 

953,000 

1,042,000 

3.540 
2.137 
6.506 
3.901 
0.791 
0.102 
0.029 
—0.054 
0.145 
0.178 
0.470 
0.340 

2,288,000 

1,381,000 

4,205,000 

2,521,000 

511,000 

66,000 

19,000 

—35,000 

94,000 

115,000 

304,000 

220,000 

+  1.603 
—0.767 
+2.017 
+0.777 
—0.889 
—0.633 
—0.276 
—0.532 
—0.231 
—0.651 
—1.005 
-1.272 

+1,036,000 
—496,000 

+1,304,000 
+502,000 
-575,000 
—409,000 
—178,000 
—344,000 
—149,000 
—421,000 
—649,000 
—822,000 

Average, 

1.656 

1,070,000 

1.506 

973,000 

—0.150 

—97,000 

No.  34.] 


WATER   SUPPLY   STATISTICS. 


411 


The  next  table  shows  the  weekly  fluctuations  during  1899  in  the 
flow  of  two  of  the  streams  which  were  carefully  measured,  namely, 
the  Sudbury  and  the  Merrimack.  The  flow  of  these  streams,  par- 
ticularly the  Sudbury,  serves  to  indicate  the  flow  of  the  other  streams 
in  eastern  Massachusetts. 


Sddburt 

KlVER. 

Merrimack 

KlVEB. 

SnOBDRT 
RIVBK. 

Merrimack 

KlVEE. 

Week  ending  Sunday. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Week  ending  Sondat. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  Square 

Mile. 

189S 

Jan.      1,  . 

. 

2.119 

1.597 

1899 

July     9,   . 

0.325 

0.491 

8,  . 

4.593 

1.874 

16,   . 

-0.117 

0.602 

15,   . 

2.407 

1.609 

23,   . 

—0.084 

0.519 

22,   . 

3.772 

2.005 

30,   , 

0.154 

0.608 

29,    . 

4.374 

1.590 

Aug.    6,   . 

—0.076 

0.524 

Feb.      5,   . 

1.837 

1.080 

13,    . 

-0.105 

0.493 

12,   . 

1.370 

0.910 

20,   , 

—0.100 

0.467 

19,   . 

1.801 

0.864 

27,    . 

—0.046 

0.394 

26,   . 

2.941 

1.394 

Sept.    3,    , 

0.128 

0.406 

Mar.     5,  . 

3.988 

1.569 

10,   . 

—0.065 

0.494 

12,   . 

6.401 

2.432 

17,    . 

-0.063 

0.414 

19,   . 

8.233 

3.493 

24,    . 

0.517 

0.386 

26,   . 

7.126 

2.531 

Oct.      1,   . 

0.101 

0.461 

Apr.     2,   . 

5.621 

3.014 

8,    . 

0.113 

0.455 

9,    . 

5.398 

3.747 

15,    . 

0.163 

0.368 

16,   . 

4.191 

6.363 

22,   . 

0.365 

0.385 

23,   . 

3.643 

7.361 

29,    . 

—0.029 

0.359 

30,    . 

2.088 

6.426 

Nov.     5,   . 

0.528 

0.676 

May      7,   . 

1.369 

4.377 

12,   . 

0.674 

0.654 

14,   . 

0.855 

2.014 

19,   . 

0.450 

0.560 

21,   . 

0.549 

1.334 

26,   . 

0.393 

0.579 

28,   . 

0.622 

1.119 

Dec.     3,  . 

0.228 

0.488 

June     4,   . 

0.308 

0.866 

10,   , 

0.207 

0.535 

11,   . 

0.023 

0.676 

17,   . 

0.484 

0.716 

18,   . 

0.088 

0.619 

24,    . 

0.680 

0.695 

25,    . 

—0.029 

0.607 

31,    . 

0.237 

0.601 

July     2,  . 

0.168 

0.535 

The  following  table  gives  the  records  of  the  rainfall  upon  the  Sud- 
bury River  water-shed  and  its  total  yield  expressed  in  inches  in  depth 
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on  the  water-shed  (inches  of  rainfall  collected)  for  the  year  1899, 
together  with  the  average  of  the  records  of  the  twenty-five  years 
from  1875  to  1899  inclusive:  — 


Rainfall,  in  Inches,  received  and  collected  on  Sudbury  Water-shed. 


1899. 

Mean  fob  25  Years, 
187S-1S99. 

Rainfall. 

Kalnfall 
collected. 

Per  Cent, 
collected. 

Rainfall. 

Rainfall 
collected. 

Per  Cent, 
collected. 

January,  . 

4.18 

4.082 

97.68 

4.33 

2.233 

51.57 

February, 

4.91 

2.225 

45.32 

4.26 

3.050 

71.60 

March, 

7.01 

7.501 

107.00 

4.41 

5.175 

117.36 

April, 

1.90 

4.351 

229.00 

3.24 

3.485 

107.56 

May,  . 

1.45 

0.911 

62.83 

3.33 

1.936 

58.14 

June, 

2.51 

0.114 

4.54 

2.93 

0.821 

28.02 

July, . 

3.22 

0.035 

1.09 

3.77 

0.352 

9.34 

August, 

1.43 

—0.063 

—4.41 

4.16 

0.551 

13.24 

September 

3.95 

0.162 

4.10 

3.23 

0.419 

12.97 

October, 

2.69 

0.206 

7.66 

4.37 

0.956 

21.88 

November, 

2.18 

0.525 

24.08 

4.22 

1.645 

38.98 

December, 

1.78 

0.392 

22.02 

3.58 

1.859 

51.93 

Totals 

and 

avert 

tges. 

37.21 

20.441 

54.93 

45.83 

22.482 

49.06 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis 
for  estimating  the  yield  of  other  water-sheds  in  Massachusetts,  both 
on  account  of  the  accuracy  with  which  the  measurements  have  been 
made  and  the  absence  of  abnormal  conditions  which  would  unfavor- 
ably afi*ect  the  results.  The  following  table  gives  the  records  relating 
to  the  yield  of  this  water-shed  for  each  of  the  past  twenty-five  years, 
the  flow  from  the  water-shed  being  expressed  in  gallons  per  day  per 
square  mile,  instead  of  inches  in  depth  of  rainfall  collected,  in  order 
to  render  the  table  more  convenient  for  use  in  estimating  the  prob- 
able yields  of  water-sheds  used  as  sources  of  water  supply  :  — 
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Yield  of  the  Sudbury  River  Water-shed  in 

Gallons 

per  Day  per  Square  Mile.* 

Month. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1888. 

January,      .... 

103,000 

643,000 

658,000 

1,810,000 

700,000 

1,121,000 

415,000 

1,241,000 

February, 

1,496,000 

1,368,000 

949,000 

2,465,000 

1,711,000 

1,787,000 

1,546,000 

2,403,000 

March, 

1,604,000 

4,435,000 

4,813,000 

3,507,000 

2,330,000 

1,374,000 

4,004,000 

2,839,000 

April,  . 

3,049,000 

3,292,000 

2,394,000 

1,626,000 

3,116,000 

1,168,000 

1,546,000 

867,000 

May,     . 

1,188,000 

1,139,000 

1,391,000 

1,394,000 

1,114,000 

514,000 

965,000 

1,292,000 

June,    . 

870,000 

222,000 

697,000 

506,000 

413,000 

176,000 

1,338,000 

529,000 

July,    . 

321,000 

183,000 

202,000 

128,000 

158,000 

177,000 

276,000 

86,000 

August, 

396,000 

405,000 

121,000 

475,000 

395,000 

119,000 

148,000 

55,000 

September, 

207,000 

184,000 

60,000 

160,000 

141,000 

80,000 

197,000 

306,000 

October, 

646,000 

234,000 

632,000 

516,000 

71,000 

101,000 

186,000 

299,000 

November, 

1,302,000 

1,088,000 

1,418,000 

1,693,000 

206,000 

205,000 

395,000 

210,000 

December, 

584,000 

454,000 

1,289,000 

3,177,000 

462,000 

175,000 

775,000 

314,000 

Average  for  whole  year. 

972,000 

1,135,000 

1,214,000 

1,452,000 

894,000 

578,000 

979,000 

862,000 

Av.  for  driest  six  months. 

574,000 

384,000 

502,000 

532,000 

230,000 

143,000 

330,000 

211,000 

Month. 

1883. 

1884. 

188.5. 

1886. 

1887. 

1888. 

1889. 

1890. 

1891. 

January, 

February, 

March,  . 

April,     , 

May, 

June,     . 

July, 

August, 

September, 

October, 

November, 

December, 

335,000 

1,033,000 

1,611,000 

1,350,000 

938,000 

300,000 

115,000 

78,000 

91,000 

186,000 

205,000 

193,000 

995,000 

2,842,000 

3,785,000 

2,853,000 

1,030,000 

417.000 

224,000 

257,000 

44,000 

83,000 

175,000 

925,000 

1,235,000 

1,354,000 

1,572,000 

1,815,000 

1,336,000 

426,000 

62,000 

240,000 

121,000 

336,000 

1,178,000 

1,174,000 

1,461,000 

4,800,000 

2,059,000 

1,947,000 

720,000 

203,000 

115,000 

94,000 

118,000 

146,000 

673,000 

1,020,000 

2,589,000 

2,829,000 

2,868,000 

2,620,000 

1,009,000 

414,000 

114,000 

214,000 

111,000 

190,000 

368,000 

643,000 

1,154,000 

234,000 

1,053,000 

1,951,000 

3,237,000 

2,645,000 

1,632,000 

422,000 

117,000 

380,000 

1,155,000 

1,999,000 

2,758,000 

3,043,000 

2,782,000 

1,196,000 

1,339,000 

1,410,000 

880,000 

653,000 

633,000 

1,432,000 

824,000 

1,230,000 

1,941,000 

2,241,000 

1,254,000 

1,529,000 

3,643,000 

1,875,000 

1,366,000 

568,000 

108,000 

132,000 

458,000 

2,272,000 

1,215,000 

997,000 

3,018,000 

3,486,000 

4,453,000 

2,397,000 

582,000 

414,000 

149,000 

163,000 

203,000 

210,000 

305,000 

544,000 

Av.  for  wh 

Av.    for    d 
months 

oley 
riest 

ear,  . 
six 

533,000 
145,000 

1,129,000 
200,000 

901,000 
391,000 

1,087,000 
223,000 

1,697,000 
953,000 

1,383,000 
944,000 

1,285,000 
747,000 

1,315,000 
239,000 

Mean  for 

Month. 

189i8. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

25  Years, 
1875-99, 

inclusive. 

January, 

1,870,000 

433,000 

693,000 

1,034,000 

1,084,000 

845,000 

1,638,000 

2,288,000 

1,262,000 

February,    . 

943,000 

1,542,000 

991,000 

541,000 

2,676,000 

1,067,000 

3,022,000 

1,381,000 

1,877,000 

March, 

1,955,000 

3,245,000 

2,238,000 

2,410,000 

3,835,000 

2,565,000 

2,604,000 

4,205,000 

2,901,000 

April,  . 

871,000 

2,125,000 

1,640,000 

2,515,000 

1,494,000 

1,515,000 

1,829,000 

2,621,000 

2,019,000 

May,    . 

1,259,000 

2,883,000 

840,000 

636,000 

360,000 

915,000 

1,246,000 

511,000 

1,086,000 

June,  . 

428,000 

440,000 

419,000 

174,000 

399,000 

962,000 

530,000 

66,000 

476,000 

July,    . 

214,000 

158,000 

161,000 

231,000 

95,000 

658,000 

231,000 

19,000 

197,000 

August, 

280,000 

181,000 

209,000 

229,000 

57,000 

591,000 

1,107,000 

—35,000 

309,000 

September, 

229,000 

108,000 

150,000 

89,000 

388,000 

182,000 

369,000 

94,000 

243,000 

October, 

126,000 

221,000 

374,000 

1,379,000 

592,000 

94,000 

1,160,000 

115,000 

536,000 

November,  . 

697,000 

319,000 

836,000 

2,777,000 

659,000 

909,000 

1,986,000 

304,000 

953,000 

December,  . 

485,000 

797,000 

716,000 

1,782,000 

667,000 

1,584,000 

1,799,000 

220,000 

1,042,000 

Av.  for  whole  year, 

781,000 

1,037,000 

770,000 

1,152,000 

1,019,000 

991,000 

1,450,000 

973,000 

1,070,000 

Av.  for  driest    six 

327,000 

237,000 

356,000 

460,000 

314,000 

564,000 

777,000 

93,000 

450,000 

'months. 

*  The  area  of  the  Sudbury  River  water-shed  used  in  making  up  these  records  included  water  sur- 
faces amounting  to  about  1  per  cent,  of  the  whole  area,  from  1875  to  1878  inclusive,  subsequently  in- 
creasing by  the  construction  of  storage  reservoirs  to  about  3  per  cent,  in  1886,  to  3.5  per  cent,  in  1894 
and  to  about  6  per  cent,  in  1898.  The  water-shed  also  contains  extensive  areas  of  swampy  land,  which, 
though  covered  with  water  at  times,  are  not  laclu  Jed  in  the  above  percentages  of  water  surfaces. 
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EXPERIMENTS  UPON  THE  PURIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION.* 


By  Harry  W.  Clark,  Chemist  of  the  Board. 


The  year  1899  is  the  twelfth  that  the  investigations  of  the  Law- 
rence Experiment  Station  have  been  continued.  The  worlv  has 
been  carried  on  under  the  general  supervision  of  Hiram  F.  Mills, 
A.M.,  C.E.,  member  of  the  State  Board  of  Health,  with  the  writer 
in  direct  charge.  The  following  report  presents  a  summary  of  the 
investigations  and  results  obtained.  Besides  the  chemical  and  bac- 
terial analyses  necessary  in  these  investigations,  many  samples  of 
sand,  gravel  and  soil  have  been  examined  from  proposed  sewage 
filtration  areas  in  the  State,  and  areas  that  have  been  in  use  for  a 
number  of  years  by  different  towns  and  cities. 

Purification  of  Seavage. 

During  1898  many  new  investigations  were  started  at  the  station 
upon  methods  of  purifying  sewage  at  high  rates  of  tiltration,  and 
durino-  1899  some  of  these  investio-ations  have  been  continued  and 
additional  experiments  upon  the  subject  have  been  started,  when  our 
studies  have  brought  new  points  of  practical  interest  before  us  or 
have  seemed  to  show  that  new  work  could  be  inaugurated  with  valu- 
able results. 

Besides  continuing  investigations  and  studies  upon  the  results 
obtained  with  septic  tanks  and  bacterial  or  contact  filters,  the  quali- 
tative and  quantitative  eificiency  of  filters  of  coarse  material, — 
broken  stone,  etc.,  —  when  receiving  a  continuous  stream  of  sew- 

*  A  full  account  of  the  work  done  at  the  Lawrence  Experiment  Station  for  the  years  1888 
and  1889  is  contained  in  a  special  report  of  the  State  Board  of  Health  upon  the  Purification  of 
Sewage  and  Water,  1890.  A  similar  account  for  the  years  1890  and  1891  is  contained  in  the 
twenty-third  annual  report  of  the  Board  for  the  year  1891,  Since  1891  the  results  have  been 
published  yearly  in  the  annual  reports. 
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age,  has  been  studied,  with  encouraging  results.  Many  other  inter- 
esting investigations  have  been  made  and  are  summarized  in  the 
pages  beyond,  and  the  more  important  of  the  older  intermittent 
sand  filters  have  been  continued  in  operation,  as  the  results  from 
them  become  more  valuable  each  year. 

The  following  tables  show  the  general  character  and  composition 
of  the  Lawrence  sewage,  as  it  flows  in  the  sewer  from  which  it  is  ob- 
tained and  as  it  arrives  at  the  station  after  passing  slowly  through 
a  21/2-inch  pipe,  4,300  feet  long.  The  sewage  from  the  sewer  has 
not,  however,  borne  the  same  relation  to  the  station  sewage  as  in 
previous  years,  for  two  reasons  :  first,  the  low  rainfall  during  the 
year  caused  the  sewage  in  the  sewer  to  be  of  such  a  strength  that 
more  frequent  flushing  of  the  pipe  to  the  station  was  necessary 
than  during  previous  years ;  and,  second,  our  sewage  pumps  at  the 
station  became  so  worn  that  they  ceased  to  work  well,  this  also 
necessitating  flushing  of  the  pipe  frequently  during  the  first  eight 
months  of  the  year.  It  will  be  noticed  that  during  the  last  four 
months  of  the  year,  after  the  installation  of  a  new  pump,  a  sewage 
was  obtained  at  the  station  more  nearly  resembling  that  in  the  sewer 
than  during  the  previous  portion  of  the  year. 


Monthly  Averages  of  Analyses  of  Sewage  from  the  Lawrence  Street  Sewer. 

[Parts  per  100,000.] 


— 

3 

c 
o 

a 
a 

Albuminoid  Ammonia. 

c 
o 
S 

Nitrogen  as 

■a 

1 

3 

O 

1899. 

B 

1 

^ 
2 

4'^ 

January,      . 

50 

2.20 

0.81 

.54 

.27 

11.98 

.241 

.0165 

7.65 

1,823,000 

February,    . 

50 

2.40 

0.81 

.52 

.29 

9.03 

.191 

.0145 

9.15 

1,590,000 

March, 

49 

1.76 

0.69 

.47 

.22 

10.18 

.236 

.0120 

7.45 

1,462,000 

April,  . 

54 

2.76 

0.89 

.53 

.36 

8.40 

.258 

.0200 

7.96 

1,548,000 

May,    . 

60 

3.73 

1.00 

.57 

.43 

7.40 

.185 

.0255 

9.32 

2,363,000 

June,    . 

67 

3.64 

0.90 

.49 

.41 

19.48 

.122 

.0236 

7.50 

2,386,000 

July,    . 

72 

3.96 

1.12 

.68 

.44 

18.45 

.084 

.0180 

7.85 

2,453,000 

August, 

71 

3.34 

0.91 

.59 

.32 

14.28 

.123 

.0126 

8.56 

2,242,000 

September, 

69 

4.98 

1.16 

.64 

.52 

11.37 

.122 

.0240 

9.18 

3,755,000 

October, 

64 

4.43 

1.58 

.62 

.96 

10.17 

.098 

.0195 

10.35 

3,555,000 

November,  . 

62 

4.13 

1.10 

.66 

.44 

14.12 

.094 

.0180 

10.45 

3,480,000 

December,  . 

56 

4.28 

1.32 

.66 

.66 

7.98 
11.90 

.123 

.0180 

12.85 

3,155,000 

Average, 

60 

3.47 

1.02 

.58 

.44 

.156 

.0185 

9.02 

2,484,000 
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Monthly  Averages  of  Regular  Sewage  Samples. 

[Parts  per  100,000.] 


3 
Q,tD 

"c 
o 

a 
a 

2 

Albuminoid  Ammonia. 

i 

•a 
0 

a 

3 

gs 

So 

H 
0 

1899. 

■3 

0 

CO 

.§ 

S6a 

January, 

45 

2.05 

0.45 

.26 

.19 

4.50 

3.03 

1,531,000 

February, 

46 

2.11 

0.50 

.25 

.25 

4.36 

3.19 

1,847,000 

March,  . 

45 

1.70 

0.43 

.23 

.20 

4.08 

3.17 

1,091,000 

April,   . 

47 

2.72 

0.82 

.23 

.59 

5.42 

5.43 

2,077,000 

May,     . 

57 

2.81 

0.48 

.22 

.26 

6.75 

3.50 

3,472,000 

June,    . 

69 

2.86 

0.45 

.18 

.27 

8.13 

3.44 

1,518,000 

July,    . 

74 

2.53 

0.41 

.15 

.26 

6.53 

2.61 

805,000 

August, 

71 

2.99 

0.36 

.17 

.19 

6.97 

2.15 

805,000 

September, 

66 

4.23 

0.75 

.34 

.41 

10.49 

4.51 

3,026,000 

October, 

58 

3.55 

0.58 

.27 

.31 

6.39 

4.10 

2,006,000 

November, 

47 

4.32 

0.83 

.33 

.50 

7.82 

5.75 

2,715,000 

December, 

47 

5.14 

1.03 

.43 

.60 

7.71 

7.19 

3,711,000 

Average 

56 

3.08 

0.59 

.26 

.33 

6.60 

4.01 

2,050,000 

Monthly  Averages  of  Mixed  Samples  representing  all  of  the  Sewage  applied  to 

Filters  Nos.  1,  6  and  9 A. 


[Parts  per  100,000.] 


Free  Ammonia. 

Albuminoid 
Ammonia. 

Chlorine. 

OXXGEN 

Consumed. 

1899. 

^ 

0 

< 

01 

^ 

to 

^ 

^ 

0 

i 

^ 

CO 

as 

0 

S 

E 

0 

0 

0 

0 

•A 

1 

0 
£ 

5=4 

0 

IZi 

1 

0 

E 

1 
1 

E 

1 
1 

E 

January, 

3.50 

1.84 

1.91 

0.82 

0.47 

0.47 

8.53 

5.87 

4.84 

4.98 

3.23 

3.46 

February, 

4.03 

2.10 

2.11 

0.82 

0.55 

0.57 

8.70 

5.58 

6.18 

4.95 

2.93 

3.13 

March,  . 

3.18 

1.68 

1.63 

0.69 

0.45 

0.51 

8.03 

4.19 

4.73 

4.58 

2.78 

3.15 

April,     . 

2.85 

2.52 

2.17 

0.84 

0.71 

0.66 

5.12 

7.05 

5.79 

5.18 

4.33 

4.33 

May, 

3.11 

2.86 

2.64 

0.69 

0.72 

0.65 

8.23 

6.98 

6.42 

3.91 

3.68 

3.47 

June,      . 

3.05 

2.53 

1.94 

0.69 

0.60 

0.52 

8.40 

11.03 

6.49 

4.45 

3.53 

3.28 

July,       . 

1.31 

2.25 

2.13 

0.36 

0.57 

0.48 

4.22 

6.56 

6.37 

2.54 

4.02 

3.04 

August, 

4.15 

3.90 

3.50 

0.23 

0.63 

1.24 

11.76 

13.69 

11.51 

5.00 

5.00 

4.80 

September, 

4.75 

4.43 

3.78 

1.01 

0.92 

0.71 

11.35 

11.86 

10.60 

5.33 

5.98 

4.63 

October, 

3.15 

3.49 

3.26 

0.53 

0.66 

0.52 

7.28 

7.10 

7.98 

3.65 

4.43 

3.45 

November, 

4.13 

4.13 

4.00 

0.79 

0.74 

0.69 

8.84 

7.82 

8.51 

4.97 

4.67 

4.30 

December, 

5.00 

5.58 

5.60 

0.95 

1.14 

1.07 

9.37 

9.76 

9.91 

6.61 

7.36 

7.42 

Average, 

3.52 

3.11 

2.88 

0.70 

0.68 

0.67 

8.32 

8.12 

7.44 

4.68 

4.33 

4.04 
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Septic  Sewage. 

In  the  report  for  1898  a  detailed  statement  was  made  of  the  vary- 
ing composition  of  sewage  (1)  from  the  time  it  is  introduced  into 
the  sewer  from  the  streets,  houses,  etc.,  (2)  until  it  reaches  the 
experiment  station,  or  a  filtration  area  under  ordinary  conditions, 
and  (3)  its  character  when  issuing  from  a  tank  through  which  it  is 
passed  slowly  and  when  it  is  known  as  septic  sewage.  These  three 
grades  of  sewage  we  now  call  fresh,  stale  and  septic  sewage. 

Septic  Tank  A  was  first  put  in  operation  at  the  station  during  the 
latter  part  of  1897,  and  the  results  obtained  from  it  up  to  Jan.  1, 
1899,  were  given  in  the  previous  report.  The  two  following  tables 
show  the  average  analyses  for  1899  of  samples  of  the  station  sewage 
collected  as  it  enters  the  tank  and  of  the  septic  sewage  as  it  is  drawn 
from  the  tank  :  — 

Sewage  as  it  enters  Septic  Tank  A. 

[Parts  per  100,000.] 


1S99. 


March, . 
April,   . 
May,     . 
June,    . 
July,     . 
August, 
September,  . 
October, 
November,  . 
December,   . 
Average, 


48 
47 
56 
68 
74 
70 
65 
57 
47 
46 


Albuminoid  Ammonia. 

1  s 

C 

3  O 

1  o 

,_; 

O*' 

B 

03 

Ojg 

° 

c  o. 

0.52 
0.46 
0.40 
0.57 
0.83 
0.61 
1.19 
0.89 
1.42 
1.96 


0.89 


.30 
.26 
.24 
.15 
.07 
.10 
.37 
.26 


0.22 
0.20 
0.16 
0.42 
0.76 
0.51 
0.82 
0.63 
1.03 
1.47 


0.63 


5.81 
6.81 
7.26 
8.03 
1.09 
5.36 
11.23 
6.79 
9.11 
9.47 


7.10 


c  2 
®  S 
bfiO 


3.61 
2.80 
2.40 
4.86 
6.10 
4.11 
6.67 
5.75 
8.89 
12.26 


5.75 


1,272,000 

1,018,000 

1,736,000 

682,000 

279,000 

410,000 

2,896,000 

1,596,250 

3,742,000 

5,591,000 


1,922,000 
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Effluent  of  Septic  Tank  A. 

[Parts  per  100,000.] 


3 

Q.fci 

go 

O 

s 
a 

t 

Albuminoid  Ammonia. 

1 

5 

•d 

a 

3 

ga 
O 

1899. 

o 

H 

1  c 

3.2 

o  -" 
c 

,§ 
If 

151 
pa 

January, 

50 

4.40 

.43 

.32 

.11 

7.33 

2.76 

546,000. 

February, 

48 

4.35 

.39 

.33 

.06 

7.80 

2.89 

616,000 

March, . 

48 

3.93 

.41 

.32 

.09 

7.21 

2.92 

451,000 

April,  . 

52 

4.37 

.30 

.27 

.03 

6.13 

2.03 

296,000 

May,     . 

58 

4.56 

.33 

.26 

.07 

7.95 

1.98 

577,000, 

June,    . 

69 

3.81 

.19 

.16 

.03 

7.75 

1.56 

240,800. 

July,    . 

75 

1.07 

.08 

.06 

.02 

1.50 

0.65 

50,300 

August, 

71 

2.31 

.12 

.10 

.02 

3.56 

1.12 

157,400. 

September, 

65 

4.83 

.39 

.29 

.10 

11.06 

3.21 

720,300. 

October, 

56 

3.49 

.31 

.11 

.20 

6.92 

2.4T 

386,800. 

November, 

48 

5.04 

.49 

.37 

.12 

7.41 

3.85 

1,205,000. 

December, 

48 

6.24 

.65 

.40 

.25 

9.36 

4.83 

1,679,000 

Average 

57 

4.03 

.34 

.25 

.09 

7.00 

2.52 

577,100 

Septic  Tank  A  is  an  air-tight  wooden  tank,  divided  by  a  partition 
midway  into  two  equal  compartments.  The  sewage  flows  into  one 
compartment  and  over  the  partition  into  the  other  compartment,, 
from  which  it  is  drawn  by  means  of  a  faucet  halfway  between  the 
top  and  bottom  on  the  side  of  the  tank ;  the  general  custom  at  the 
experiment  station  being  to  allow  the  faucets  by  which  the  sewage 
enters  and  flows  from  the  tank  to  remain  open  during  a  large 
portion  of  the  day,  and  the  sewage  slowly  passes  through.  The 
time  of  passage  has  varied  during  the  year  from  twenty  to  thirty- 
six  hours,  the  tank  always  being  kept  full  of  sewage.  It  was  stated 
in  the  last  report  that,  after  more  than  a  year's  operation,  there  was 
very  little  sediment  upon  the  bottom  of  the  tank,  and  a  scum  of 
bacterial  growths  and  fatty  matters  about  ^  inch  in  thickness  upon 
the  surface  of  the  sewage  in  the  tank  and  adhering  to  the  under  side 
of  the  cover  of  the  tank.  At  the  end  of  1899  there  was  about  3 
inches  in  depth  of  sediment  in  the  first  compartment  of  the  tank 
and  about  1  inch  in  depth  in  the  second  compartment.  It  will  be 
seen  from  the  tables  of  analyses,  when  compared  with  the  tables 
given  in  the  report  of  the  Board  far   1898,  that  a  considerably 
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strono^er  sewas^e  has  entered  the  tank  durino^  1899  than  durino;  1898. 
It  will  also  be  seen  that  a  greater  percentage  of  the  organic  matter 
in  the  sewage  has  been  removed  from  the  sewage  by  the  tank  during 
1899  than  during  1898,  the  results  being  as  follows  :  — 

The  total  organic  matter  of  the  sewage  entering,  as  shown  by  the 
albuminoid  ammonia,  was  decreased  48  per  cent,  in  1898  and  65 
per  cent,  in  1899  ;  the  carbonaceous  organic  matters,  indicated  by 
the  determination  of  oxygen  consumed  from  permanganate,  were 
decreased  43  per  cent,  in  1898  and  54  per  cent,  in  1899.  In  short, 
the  results  obtained  during  1899  have  strongly  indicated  that  the 
greater  the  amount  of  organic  matter  in  the  sewage  entering  a 
septic  tank  the  greater  will  be  the  percentage  reduction  of  organic 
matter  by  the  tank  treatment. 

An  analysis*  of  the  gas  from  this  tank  gave  the  following  result : 
carbonic  acid  3.4  per  cent.,  "  heavy  hydrocarbons  "  0.3  percent., 
oxygen  0.5  per  cent.,  carbonic  oxide  0.6  per  cent.,  methane  78.9 
per  cent.,  nitrogen  16.3  per  cent. 

Treatment  of  the  Sludge  only  in  a  Septic  Tank. 
The  observation  that  the  stronger  the  sewage  entering  a  septic 
tank  the  greater  is  the  percentage  removal  of  organic  matter  sug- 
gests the  idea  that,  where  exceedingly  large  volumes  of  sewage  are 
to  be  purified,  as  in  the  case  of  the  sewage  of  a  large  city,  this  sew- 
age could  be  passed  through  ordinary  settling  tanks,  so  constructed 
that  the  sludge  settling  to  the  bottom  of  these  tanks  could  be  flushed 
into  a  septic  tank  and  this  sludge  alone  be  treated  by  septic  tank 
action,  instead  of  attempting  to  treat  the  whole  of  a  city's  sewage. 
Following  up  this  idea,  a  septic  tank  was  put  in  operation  during 
September,  1899,  to  receive  the  strong  sludge  from  settled  sewage. 
The  results  of  this  experiment  during  the  period  of  operation  in 
1899  were  that  75  per  cent,  of  the  organic  nitrogen  in  the  sewage 
entering  the  tank  and  73  per  cent,  of  the  carbonaceous  matters,  as 
shown  by  the  determination  of  oxygen  consumed,  did  not  appear  in 
the  efliuent  from  it,  the  time  of  passage  of  the  sewage  through  the 
tank  being  forty-eight  hours.  It  is  apparent,  however,  at  the  time 
of  writing  this  report,  that  the  tank  is  slowly  filling  with  undis- 
solved organic  matter. 

*  Made  by  Dr.  A.  H.  Gill  of  the  Massachusetts  Institute  of  Technology. 
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Septic  Tanks  need  not  he  Air-tight^  neither  need  Light  he  excluded. 
It  was  stated  in  the  last  report  that  it  appeared  to  be  doubtful  if 
it  was  necessary  to  have  a  septic  tank  air-tight,  and  also  doubtful 
if  it  was  necessary  to  exclude  light.  During  the  year  two  small 
septic  tanks  were  operated  for  several  months,  one  being  open 
to  the  air  and  light,  and  the  other  air-tight  and  covered.  The  re- 
sults obtained,  as  shown  by  the  average  analyses  of  the  sewage 
entering  and  the  effluents  from  these  two  tanks,  are  as  follows  :  — 

Average,  Analyses  of  Sewage  entering  and  Effluents  from  Open  and  Closed  Septic 

Tanks. 


[Parts  per  100,000.] 

Ammonia. 

Chlorine. 

Oxj'gen 
Consumed. 

Free. 

albuminoid. 

Bacteria 
per  Cubic 

Total. 

In 

Solution. 

Centimeter. 

• 

Sewage  entering  the  tanks, 
Effluent  of  open  tank, 
Effluent  of  closed  tank,    . 

3.26 
3.92 
3.88 

.62 
.35 
.34 

.28 
.25 

7.32 
7.68 
7.46 

4.32 
2.54 
2.42 

424,000 
443,000 

In  the  case  of  the  open  tank,  it  can  be  said  that  a  phenomenon 
took  place  that  prevented  the  access  of  air  to  the  sewage  in  the 
tank,  and  excluded  the  light  almost  as  thoroughly  as  if  care  had 
been  taken  in  the  first  place  to  make  the  tank  air-tight  and  to  ex- 
clude the  light;  that  is,  a  thick  scum  of  fats  and  bacterial  growths 
formed  over  the  surface  of  the  sewage.  This  same  result  has  been 
obtained  upon  a  large  scale  more  recently  at  Manchester,  Eng., 
where  it  is  proposed  to  utilize  hereafter  as  septic  tanks  the  already 
constructed  open  chemical  precipitation  tanks  in  the  new  scheme  of 
treatment  of  the  sewage  of  that  city.  The  experiment  herein  given 
was  carried  on  during  the  months  of  January,  February  and  March, 
1899,  and  the  average  temperature  of  the  effluent  of  these  septic 
tanks  was  56  des^rees  F. 


Gas  formed  in  the  Septic  Tank. 
At   this  temperature,  —  56  degrees  F., — and  with  the  sewage 
passing  through  these  septic  tanks   at  a   rate   equal   to   an    entire 
change  of  sewage  once  in  thirty  hours,  a  rapid  evolution  of  gas 
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began  towards  the  end  of  the  second  month  of  operation,  and  from 
that  time  until  the  end  of  the  experiment  the  gas  evolved  averaged 
about  1  gallon  in  volume  for  every  22^/2  gallons  of  sewage  passing 
through  the  closed  septic  tank.  It  was  evident  from  this  experi- 
ment and  from  observations  of  the  work  of  other  septic  tanks  at 
the  station  that,  to  obtain  the  best  results,  sufficient  time  for  the 
installation  of  the  desired  bacterial  life  is  necessary,  and  that  this 
time  varies  with  different  kinds  of  sewage  and  at  different  seasons. 
It  is  evidently  not  giving  the  septic  tank  process  a  fair  trial  to 
undertake  to  operate  as  a  septic  tank  a  tank  constructed  simply  for 
a  settling  tank  and  of  insufficient  capacity  and  hence  be  obliged  to 
pump  from  it  every  week  or  two  the  accumulated  sludge.  By  this 
procedure  the  ripening  of  the  effective  bacterial  growth  within  the 
tank  is  constantly  interrupted,  just  as  it  is  beginning  to  be  effective. 

Discussion  of  Septic  Tank  Results. 
From  the  results  obtained  in  England  and  at  the  Lawrence  Ex- 
periment Station  during  1898  and  1899  it  has  been  fully  demon- 
strated that  the  addition  of  a  septic  tank  to  a  sewage  purification 
plant  may  be  made  of  great  value  in  many  instances.  It  has  been 
stated  many  times  in  the  reports  of  this  Board  that  the  matter  in 
suspension  in  sewage  is  the  chief  factor  in  clogging  the  surfaces 
of  intermittent  sand  filters.  By  the  action  of  the  tank  a  very  large 
proportion  of  these  matters  in  suspension  is  eliminated  from  the 
sewage  when  it  flows  from  the  tank.  A  certain  portion  changes  its 
form  and  goes  into  solution  in  the  sewage,  while  another  portion  is 
changed  to  the  gaseous  form  and  escapes  ;  while  undoubtedly  at 
times,  as  has  been  repeatedly  noticed  at  Lawrence,  considerable 
very  finely  divided  solid  matter  comes  from  the  tank.  This  occurs 
at  times  when  the  movement  of  the  gas  in  the  tank  disturbs  the 
sludge,  and,  while  only  lasting  for  a  few  minutes  at  a  time,  causes 
considerable  solid  matter  to  flow  out  in  suspension.  The  solid 
matter  removed  in  this  way  is  of  such  a  nature,  however,  that  it  is 
rapidly  oxidized  when  reaching  the  filter.  It  is  shown  by  the  re- 
sults obtained  at  Lawrence  that  a  greater  percentage  of  change 
occurs  with  the  carbonaceous  matters  entering  the  tank  than  with  the 
nitroo-enous  matters.  It  is  also  evident,  from  observation,  that  the 
cloo-o-incr  of  the  surfaces  of  intermittent  sand  filters  is  due  largely 
to  carbonaceous  matters  —  cellulose,  paper,  etc. — rather  than  to 
nitrogenous   matters.      For    example,    the    analysis    of    a   typical 
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sludge,  which  had  covered  in  the  form  of  a  scum  the  surface  of  one 
of  the  beds  at  a  filtration  area  of  the  State,  showed  that  only  2.5 
per  cent,  of  it  was  organic  nitrogen,  while  it  lost  63  per  cent,  upon 
ignition,  due  to  the  large  amount  of  carbonaceous  matter  present. 
Careful  inspection  has  shown  that,  when  these  carbonaceous  mat- 
ters are  exposed  in  comparatively  thin  layers  upon  the  surfaces 
or  near  the  surfaces  of  filters,  and  their  destruction  depends  en- 
tirely upon  oxidation,  they  will  remain  for  a  very  long  period 
without  much  change.  In  the  septic  tank,  however,  where  the 
oxidizing  actions  are  eliminated,  and  only  the  putrefactive  bac- 
teria live  and  work,  this  carbonaceous  matter  is  more  quickly 
attacked  by  them,  with  the  evolution  of  carbonic  acid  gas  and  marsh 
gas. 

Changes  tahing  Place  in  the  Septic  Tanh,  as  affected  by  the  Compo- 
sition of  the  Sewage  entering  the  Tank. 

The  statement  has  already  been  made  of  the  percentage  removal 
of  organic  matter  obtained  by  the  septic  tank  at  Lawrence,  receiv- 
ing ordinary  sewage,  and  the  practical  non-accumulation  of  matter 
within  a  tank  receiving  sewage  of  ordinary  strength.  At  Exeter, 
Eng. ,  where  the  first  septic  tank  of  any  considerable  size  was  con- 
structed, there  was  an  accumulation  during  the  first  twenty-six 
months  of  its  operation  of  about  1%  inches  in  depth  of  sediment 
per  month,*  and  at  the  end  of  this  period  there  had  been  a  diminu- 
tion in  the  capacity  of  the  tank  of  40  per  cent,  by  this  accumulation 
and  surface  scum.  From  the  published  analyses  which  we  have 
been  able  to  obtain  of  sewage  entering  the  Exeter  tank,  it  is  prob- 
able that  this  sewage  is  fully  as  stale  when  entering  as  the  sewage 
reaching  Tank  A  at  the  Lawrence  Experiment  Station,  where  we 
had  no  accumulation  worth  mentioning  during  the  first  year  of  its 
operation,  and  the  amount  accumulated  during  the  second  year  was 
slight  and  may  largely  disappear  during  the  coming  summer. 

At  both  Exeter  and  Lawrence  the  amount  of  sediment  that  has 
accumulated  within  the  tank  is  a  very  small  percentage  of  the 
amount  that  has  entered  the  tanks  and  been  destroyed  therein.  It 
is  also  a  very  small  percentage  of  what  would  have  been  sent  to  the 
filters  if  these  tanks  had  been  simply  used  as  settling  tanks,  and 
the  sludge  pumped  from  them   every  few   days.      At  Worcester, 

*  Second  report  Sewerage  Commission,  City  of  Baltimore. 
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Mass.,  where  are  large  chemical  precipitation  works  for  treating 
the  sewage  of  the  city,  the  wet  sludge  from  chemical  precipitation 
is  stated  to  be  from  1  to  3  per  cent,  of  the  sewage  treated.  At 
Lawrence  the  percentage  of  sludge  obtained,  when  experimenting 
with  chemical  precipitation,  has  been  larger,  owing  to  the  smaller 
volumes  of  sewage  treated,  but,  assuming  that  the  suspended  organic 
matter  in  the  sewage  which  has  entered  septic  tank  A  and  has  not 
flowed  from  it  in  the  effluent  had  been  concentrated  in  1^  per  cent, 
of  the  volume  of  sewage  that  has  entered  the  tank,  and  had  not  been 
destroyed  by  bacterial  actions  within  the  tank,  the  accumulation 
during  the  twenty-six  months  of  operation  up  to  Jan.  1,  1900, 
would  have  amounted  to  enough  to  fill  the  tank  five  times.  Instead 
of  this  result,  however,  we  have  in  the  tank  the  small  amount  noted. 
At  Yeovil,  Eng.,  results  similar  to  those  at  Lawrence  have  been 
obtained  with  a  tank  equal  in  capacity  to  that  at  Exeter,  Eng.,  that 
is,  no  serious  accumulation  of  matter  within  the  tank.  At  Exeter, 
all  the  sewage  is  domestic  sewage,  while  at  Yeovil  there  is  a  large 
admixture  of  liquid  refuse  from  breweries  and  other  industrial 
works.  Judging  from  analyses  published,  the  sewage  entering  the 
Yeovil  tank  is  staler  than  the  sewage  entering  the  Exeter  tank,  and, 
from  statements  made  of  the  capacity  of  the  two  tanks  and  the  vol- 
ume of  sewage  passing  through  them,  it  would  seem  probable  that 
the  Yeovil  sewage  is  longer  within  the  tank  than  the  Exeter  sewage. 
It  is  probable  that  the  fresher  the  sewage  entering  a  septic  tank  — 
that  is,  the  less  the  bacterial  and  mechanical  action  that  it  has 
undergone  —  the    greater    might    be    the   accumulation   of   matters 

o  o  o 

within  the  tank.  The  percentage  reduction  of  organic  matter  in 
the  tank  might  also  vary  not  only  as  the  freshness  or  staleness  of 
the  sewage  entering  varied,  but  as  the  character  of  the  sewage 
varied.  Some  manufactural  wastes  probably  would  aid  hydrolysis 
in  the  tank,  and  others  probably  would  impede  hydrolysis. 

Bacteria  in  the  Septic  Tank,  and  Increasing  the  Surface  for  their 

Growth. 
The  theory  of  the  septic  tank  is  that  the  bacteria  living  in  it  are 
those  which  thrive  without  the  presence  of  air,  and  hence  cause  putre- 
faction. It  is  evident,  from  our  experiments,  that  the  bacteria  in 
the  tank  that  do  the  larger  proportion  of  the  work  live  on  the  sides, 
bottom  and  top  of  the  tank,  where  organic  matter  accumulates,  and 
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where  they  are  found  in  enormous  numbers  compared  with  the  num- 
bers found  in  the  liquid  that  is  passing  through  the  tank ;  hence  a 
recent  experiment  has  been  inaugurated,  in  which  sewage  is  passed 
upward  through  a  tank  filled  with  broken  stone,  the  idea  being  that 
this  broken  stone,  filling  approximately  40  per  cent,  of  the  space 
of  this  tank,  will  afi'ord  a  very  extensive  foothold  and  breeding-place 
for  the  necessary  classes  of  bacteria.  As  the  sewage  enters  at  the 
bottom  of  the  tank,  the  sludge  accumulates  there,  if  it  accumulates 
at  all,  there  is  practically  an  upward  filtration  carried  on,  and  the 
sewage  passing  upward  meets  and  is  acted  upon  by  the  bacteria 
growing  upon  the  surfaces  of  the  broken  stone.  The  sewage  is 
twenty-four  hours  passing  through.  The  average  analyses  of  the 
sewage  entering  this  septic  upward  filtration  tank  —  No.  133  —  and 
the  efliuent  from  the  tank  are  here  presented. 


Sewage  applied  to  and  Effluent  from  Filter  No.  133. 

[Parts  per  100,000.] 


Ammonia. 

Chlorine. 

NiTKOGEN  AS 

Oxygen 
Consumed. 

Free. 

ALBUMINOID. 

Nitrates. 

Nitrites. 

Bacteria 
per  Cubic 

Total. 

In 

Solution. 

Centimeter. 

Sewage,    . 
Effluent,    . 

5.19 
5.30 

.65 
.29 

.38 
.23 

7.83 
8.56 

.00 
.00 

.00 
.00 

4.96 
3.11 

2,556,000 
704,000 

Application  of  Septic  Sewage  from  Tank  A  to  Filters. 

Filters  Nos.  100,  103,  116  and  118,  the  operation  of  which  was 
described  in  the  last  report,  have  been  continued  during  1899. 
Each  of  these  filters  is  ^ojOOO  of  an  acre  in  area.  Filters  Nos.  100 
and  118  contain  5  feet  in  depth  of  sand  of  an  efiective  size  of  0.23 
millimeter;  Filter  No.  116  contains  5  feet  in  depth  of  sand  of  an 
effective  size  of  0.17  millimeter;  and  Filter  No.  103  contains  5  feet 
in  depth  of  small  pieces  of  coke  of  such  a  size  that  all  will  pass 
through  a  sieve  with  a  quarter-inch  mesh  and  but  few  through  a 
sieve  with  an  eighth-inch  mesh.  Filters  Nos.  100,  116  and  118  are 
intermittent  sand  filters,  and  each  of  them  has  been  operated  during 
a  large  portion  of  the  year  at  a  rate  of  300,000  gallons  per  acre 
daily;  while  Filter  No.  103  is  a  contact  filter,  and  has  been  oper- 
ated during  the  year  at  the  average  rate  of  666,000  gallons  per 
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acre  daily.  The  sewage  applied  to  these  filters  has  been  the  effluent 
of  Septic  Tank  A  (see  table,  page  421),  and  the  results  obtained 
from  them  during  the  year  are  presented  in  the  following  tables  :  — 

Effluent  of  Filter  No.  100. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 
Daily 
for  Six 
Days  in  a 
Week. 

Tempeka- 

TOEE. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

c 

o 
S 
o 

7.68 
7.92 
6.77 
5.70 
7.77 
6.78 
2.25 
2.70 
10.47 
9.49 
7.28 
9.09 

Nitrogen 

AS 

a 

3 
C 

5 

a 
1 

.o 

3 
Q 

1 

3 

o 
o 

6 

(4 

2 
o 
□ 

a 
< 

5 
1 

1899. 

0) 
be 

c 

3 

e 

(sa 

11 

January,     . 
February,  . 
March, 
April, . 
May,    . 
June,  . 
July,  . 
August, 
September, 
October,      . 
November,. 
December, . 

200,000 
200,000 
300,000 
300,000 
300,000 
300,000 
300,000 
222,200 
242,300 
300,000 
230,800 
300,000 

265,400 

50 

48 
48 
52 
58 
69 
75 
71 
65 
56 
48 
48 

57 

43 
41 
43 
49 
57 
70 
76 
69 
68 
63 
43 
49 

55 

2m. 
3m. 
2m. 
2m. 
2m. 
2m. 
2m. 
2m. 
2m. 
3ra. 
3m. 
20m. 

Decided. 

Decided. 

Decided. 

Decided. 

Slight. 

V.  Blight. 

V.  slight. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided. 

.39 
.29 
.31 
.23 
.23 
.21 
.18 
.11 
.40 
.35 
.36 
.46 

0.6067 
0.4340 
0.3850 
0.4233 
0.7067 
0.3800 
0.1190 
0.1290 
1.2567 
0.8733 
0.9000 
1.3000 

.0880 
.0668 
.0720 
.0733 
.0687 
.0482 
.0430 
.0270 
.1267 
.0913 
.0840 
.1190 

2.82 
3.08 
2.62 
3.11 
3.66 
2.82 
1.28 
1.65 
2.12 
2.52 
3.67 
3.50 

.0028 
.0054 
.  0032 
.0030 
.0042 
.0035 
.0006 
.0012 
.0041 
.0020 
.0020 
.0175 

0.80 
0.67 
0.63 
0.53 
0.71 
0.48 
0.36 
0.26 
1.08 
0.79 
0.73 
1.03 

47,200 
48,800 
44,300 
28,900 
26,400 
31,900 
200,000 

4,600 
17,000 
14,500 

7,500 
28,200 

Average, 

4m. 

- 

.29 

0.6262 

1 

.0757 

6.99 

2.75J.0041 

0.67 

41,700 

Sewage  applied,  5  gallons  septic  sewage  twelve  times  a  week,  January  1  to  February  28;  5  gallons 
seplic  sewage  eighteen  times  a  week,  March  1  to  December  31.  Filter  not  operated  August  16  to  August 
21,  August  30  to  September  5,  November  20  to  November  25.    Filter  not  scraped  or  raked. 


Effluent  of  Filler  No.  103. 

[Parts  per  100,000.] 


Quan- 
tity 

Temperature. 
Dec.  F. 

Appearance. 

Ammonia. 

Nitrogen 

AS 

"O 

3 

Applied. 

B 

3 

Gallons 

T3 

C 

P.S 

per  Acre 

>> 

O 

U 

«a 
So 

Dally 

for  Six 

Days  in  a 

Week. 

t 

3 

E 

!3 

3 

u 
o 
o 
O 

1 

s 

3 
< 

c 
*c 

o 

s 

7.40 

2 

J5 

3 
Si 
K 

o 

January, 

773,000 

50 

44 

Decided. 

.40 

0.5800  .0860 

1.74 

.0011 

0.69 

72,800 

February, 

700,000 

48 

44 

Decided. 

.34 

0.3668  .0696 

7.95 

1.96 

.0021 

0.65 

93,400 

March,    . 

700,000 

48 

42 

Decided. 

..33 

0.2833  .0693 

6.63 

1.85 

.0022 

0.60 

98,000 

April,     . 
May, 

700,000 

52 

51 

Decided. 

.29 

0.3000!.06.o3 

5.41 

2.13 

.0016 

0.46 

30,600 

700,000 

58 

58 

Decided. 

.31 

0.71671.0673 

8.00 

2.58 

.0031 

0.54 

51,900 

June, 

700,000 

69 

71 

Slieht. 

.25 

0.5025 

.0895 

9.02 

2.62 

.0034 

0.64 

12,300 

July, 

700,000 

75 

75 

Slight. 

.17 

0.2605 

.1620 

1.62 

1.26 

.0006 

1.26 

33,600 

August,  . 

518,500 

71 

70 

Decided. 

.29 

0.3600 

.1260 

2.32 

2.43 

.0008 

1.06 

33,400 

September, 

565,400 

65 

66 

Decided. 

.39 

0.8267 

.1033 

9.75 

2.15 

.0070 

0.89 

99,500 

October, 

700,000 

56 

56 

Decided. 

.43 

0.8800 

.0850 

9.76 

2.34 

.0025 

0.84 

42,900 

November, 

538,500 

48 

44 

Decided. 

.43 

0.9600 

.1060 

7.35 

2.99 

.0030 

0.82 

44,600 

December, 

700,000 

48 

50 

Decided. 

.52 

1.3400 

.1280 

9.01 

3.50 

.0175 

1.03 

109,400 

666,300 

57 

56 

.35 

0.6139 

.0964 

7.02 

2.30 

.0040 

0.79 

60,200 

Sewage  applied,  5  gallons  septic  sewage  forty-eight  times  a  week,  January  1  to  January  23;  5  gallons 
septic  sewage  forty-two  times  a  week,  January  24  to  December  31.  Filter  allowed  to  rest  August  6  to 
August  21,  August  30  to  September  5,  November  20  to  November  25. 
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Effltcent  of  Filler  No.  116. 

[Parts  per  100,000.] 


Quan- 
tity 

Tempera- 
ture. 

Length  of 
Time 

Sewage 

Appearance. 

Ammokia. 

Nitrogen 

AS 

■a 

.a 

3 

Applied. 

Deq.  F. 

d 

3 

1899. 

Gallons 
per  Acre 

on 
Surface. 

>. 

2 

6 

for  Six 

Days  in  a 

Week. 

3 

Hours  and 

H 

.Q 

3 

o 

£ 

a 

J3 

o 

'a 

't-. 

a 
1 

is 

M 

N 

£h 

O 

^ 

< 

7.31 

"A 

"A 

O 

C3 

January,     . 

200,000 

50 

47 

41m. 

None. 

.12 

.0760 

.0252 

3.39 

.0083 

.26 

51 

February,  . 

200,000 

48 

47 

17m. 

None. 

.12 

.2514 

.0554 

7.99 

3.66 

.0090 

.28 

189 

March, 

300,000 

48 

48 

36m. 

None. 

.11 

.1890 

.0293 

7.03 

3.05 

.0094 

.31 

303 

April, . 

156,000 

52 

51 

38m. 

None. 

.10 

.0923 

.0206 

5.01 

2.22 

.0100 

.23 

66 

May,   . 

267,000 

68 

59 

2Im. 

None. 

.13 

.7650 

.0440 

7.24 

3.79 

.0210 

.37 

534 

June,  . 

300,000 

69 

69 

12m. 

None. 

.11 

.1685 

.0441 

8.29 

3.33 

.0120 

.26 

57 

July,  . 

292,000 

75 

76 

Ih.     5m. 

V.  Blight. 

.09 

.0346 

.0134 

1.05 

0.89 

.0040 

.17 

931 

August, 

222,000 

71 

71 

20m. 

V.  Blight. 

.08 

.0284 

.0111 

2.79 

1.98 

.0091 

.15 

251 

September, 

242,000 

65 

65 

41m. 

V.  Blight. 

.09 

.0391 

.0235 

13.76 

3.32 

.0026 

.28 

1,487 

October, 

292,000 

58 

61 

58m. 

V.  Blight. 

.14 

.0372 

.0230 

9.85 

4.86 

.0034 

.28 

53 

November, . 

222,300 

48 

47 

45m. 

V.  slight. 

.17 

.4700 

.0310 

7.45 

3.63 

.0016 

.40 

830 

December, . 

300,000 

48 

49 

38m. 

V.  slight. 

.25 

.3156 

.0330 

9.82 
7.30 

4.31 

.0026 

.48 

188 

Average, 

249,400 

57 

58 

36m. 

- 

.13 

.2056 

.0295 

3.20 

.0078 

.29 

412 

Sewage  applied,  5  gallons  septic  sewage  twelve  times  a  week,  January  1  to  February  28;  5  gallons 
septic  sewage  eighteen  limes  a  week,  March  1  to  December  31.  Surface  raked  3  inches  deep  February  1, 
March  22,  July  24,  October  9.  Beginning  November  9,  surface  raked  3  inches  deep  weekly  to  December 
31.  Filter  not  operated  August  17  to  August  22,  August  30  to  September  5,  November  20  to  November 
25.    April  16  to  May  3,  experiment  interrupted  by  freshet. 


Effluent  of  Filter  No.  118. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 

Days  in  a 

Week. 

Tempera- 

TDRE. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

Nitrogen 

AS 

1 

5 

c 
o 

3 
5 

Deg.  F. 

iS 

3 

i 

o 

£ 

!2 
a 

.  S 

3 
< 

u 

1 

1899. 

to 

i 

c 

3 

.S.9 
is 

pa 

January,     , 
February,  . 
March, 
April,. 
May,    . 
June,  . 
July,   . 
August, 
September, 
October, 
November, . 
December, . 

188,000 
192,000 
300,000 
156,000 
267,000 
300,000 
300,000 
222,000 
242,000 
300,000 
230,800 
296,000 

50 
48 
48 
52 
58 
69 
75 
71 
65 
66 
48 
48 

44 
43 
44 
45 
57 
69 
75 
69 
65 
55 
42 
47 

Ih.  37m. 
40m. 
1.5m. 
10m. 
10m. 
10m. 
11m. 
10m. 
14m. 
9m. 
5m. 
54m. 

V.  slight. 
V.  Blight. 
Slight. 
Slight. 
Slight. 
V.  slight. 
V.  slight 
V.  Blight. 
Slight. 
V.  slight. 
Slight. 
Decided. 

0.20 
0.27 
0.28 
0.28 
0.39 
0.22 
0.11 
0.14 
0.13 
0.14 
0.26 
1.10 

2.1200 
1.1100 
0.4100 
0.0778 
0.5675 
0.1288 
0.0107 
0.0165 
0.0976 
0.1287 
0.4550 
2.0090 

.0507 
.0550 
.0628 
.0666 
.0745 
.0334 
.0194 
.0138 
.0289 
.0241 
.0450 
.1620 

7.31 
8.19 
6.96 
5.19 
7.14 
8.69 
1.72 
3.02 
13.58 
10.21 
7.44 
9.10 

1.70 
2.27 
2.35 
1.95 
2.20 
3.54 
1.03 
1.73 
3.43 
3.18 
2.81 
2.03 

.0413 
.2300 
.2980 
.2600 
.3300 
.1485 
.0015 
.0012 
.0150 
.0020 
.0074 
.0450 

0.43 
0.70 
0.82 
0.69 
0.98 
0.49 
0.21 
0.17 
0.35 
0.29 
0.52 
1.80 

25,600 
26,300 
68,200 
14,900 
15,200 

2,100 
800 

1,100 

6,100 
840 

1,789 
13,970 

Average, 

249,500 

57 

55 

24m. 

- 

0.29 

0.5943 

.0530 

7.38 

2.35 

.1150 

0.62 

14,650 

Sewage  applied,  5  gallons  septic  sewage  twelve  timei  a  week,  January  1  to  February  28;  5  gallons 
septic  sewage  eighteen  times  a  week,  March  1  to  Decembar  31.  Surface  raked  3  inches  deep  on  follow- 
ing dates:  January  25,  February  11,  December  16.  Beginning  February  21  and  ending  November  14, 
surface  of  filter  was  raked  3  inches  deep  each  week.  Filter  not  operated  August  17  to  August  22, 
August  30  to  September  5,  November  20  to  November  25.  Experiment  interrupted  by  freshet  April 
16  to  May  3. 
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Discussion    of  the   Results   of  Filtration    of  Septic  Sewage  from 

Tank  A, 
Examining  the  results  here  tabulated,  it  will  be  noticed  that  a 
considerably  purer  effluent  and  one  with  less  turbidity  and  odor 
was  obtained  from  Filter  No.  118  than  from  its  duplicate,  Filter 
No.  100 ;  this  being  probably  due  to  the  fact,  as  explained  in  the 
previous  report,  that  the  septic  sewage  applied  to  Filter  No.  118 
is  aerated  before  application,  thus  perhaps  freeing  it  from  certain 
bodies  inimical  to  bacterial  life,  which  enter  Filter  No.  100,  receiving 
unaerated  septic  sewage,  and  also  supplyhig  a  certain  amount  of 
oxygen  to  the  sewage.  The  average  rate  of  filtration  of  these  two 
filters  has  approximated  250,000  gallons  per  acre  daily,  j^et,  after 
more  than  two  years'  operation,  the  sewage  generally  passed  below 
the  surface  of  Filter  No.  100  within  two  minutes  after  application 
each  day.  On  Filter  No.  118  it  remained  somewhat  longer,  owing 
to  the  fact  that  by  the  method  of  applying  the  sewage  the  surface  is 
compacted  rather  than  disturbed ;  the  freedom  from  surface  clogging 
in  both  instances,  however,  beins^  laro^elv  due  to  the  small  amount 
of  matter  in  suspension  in  the  septic  sewage  applied.  It  will  be 
noticed  that  Contact  Filter  No.  103,  operating  at  a  rate  two  and 
one-half  times  as  great  as  these  intermittent  sand  filters,  has  pro- 
duced nearly  as  good  an  effluent  as  Filters  Nos.  100  and  118  but 
considerably  less  pure  than  the  effluent  of  Filter  No.  116.  During 
a  portion  of  the  year  —  namely,  from  June  12  to  September  5  — 
this  filter  was  operated  diff'erently  —  that  is,  flooded  more  quickly  — 
than  during  the  rest  of  the  year,  and  with  somewhat  poorer  results. 

Prolongation  of  the  Anaerobic  Action  may  impede  Subse- 
quent Purification  of  Sewage. 
During  the  year  1898  a  system  of  sewers  and  a  filtration  area  was 
constructed  in  Andover,  Mass.  As  the  conditions  seemed  to  afibrd 
an  opportunity  to  study  the  septic  process  upon  a  somewhat  larger 
scale  than  had  been  carried  on  at  the  experiment  station,  a  septic 
tank  of  a  capacity  of  about  9,000  gallons  and  two  experimental 
filters  ^'200  of  aii  f^cre  were  constructed  at  the  area.  One  of  these 
filters  was  filled  with  5  feet  in  depth  of  fairly  coarse  sand  of  an 
efi'ective  size  of  0.23  millimeter,  while  the  other  filter  contains 
5^^  feet  in  depth  of  coke,  most  of  which   would   pass   through  a 
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sieve  with  a  half-inch  mesh.  There  is  a  considerable  proportion 
of  large  pieces  of  coke,  however,  but  the  material  is  free  from  coke 
dust.  These  filters  were  put  in  operation  the  first  week  in  July, 
1899,  the  sand  filter  being  started  as  an  intermittent  filter  at  the 
rate  of  40,000  gallons  per  acre  daily,  and  the  coke  filter  as  a  contact 
filter  at  the  rate  of  860,000  gallons  per  acre  daily.  The  rate  of  the 
sand  filter  was  increased  in  October  to  approximately  110,000  gal- 
lons per  acre  daily,  and  in  November  to  220,000  gallons  per  acre 
daily. 

The  amount  of  sewage  reachino-  the  town  filtration  area  has  aver- 
aged  about  70,000  gallons  per  day  during  the  year,  and  it  is  a  very 
strong  sewage,  as  shown  by  the  table  of  analyses  given  beyond.  The 
volume  of  the  sewage  is  slowly  increasing  at  the  present  time,  as 
more  connections  are  made  with  the  sewers ;  but,  with  the  compara- 
tively small  volume  now  flowing,  the  sewage  is  practically  twenty- 
four  hours  in  reaching  the  area,  and  is  stale  when  arriving  at  and 
entering  the  septic  tank.  The  sewage,  in  the  condition  in  which  it 
reaches  the  area  and  flows  upon  the  town  beds,  not  operated  at  a 
high  rate,  is  fairly  well  purified  by  these  beds.  When  flowing  to 
the  experimental  filters,  however,  after  having  been  practically 
twenty-four  hours  in  the  septic  tank,  it  is  in  a  condition  very  diffi- 
cult to  purify.  When  operating  the  experimental  sand  filter  at  a 
low  rate,  fairly  good  results  were  obtained  in  warm  weather,  al- 
thouo;h  the  amount  of  free  ammonia  in  the  effluent  was  larger  than 
would  be  expected,  even  though  the  sewage  applied  was  very  strong. 
When  the  rate  of  operation  of  this  filter  was  increased,  nitrification 
became  much  less  active  and  had  practically  ceased  by  the  end  of 
November. 

During  this  period  we  had  been  unable  to  obtain  any  nitrification 
whatever  in  the  coke  contact  filter,  although  this  filter  was  not 
operated  at  a  rate  greater  than  filters  had  been  operated  at  the 
station  with  strong  station  sewage  wdth  satisfactory  results ;  and 
various  eff'orts  were  made,  by  aerating  the  sewage  before  passing 
it  to  the  filter  and  by  slow  filtration  for  several  days  at  a  time,  etc., 
to  encourage  nitrification.  The  sewage  applied  to  the  filters  has 
not  averaged  stronger  in  albuminoid  ammonia  or  oxygen  consumed 
from  permanganate  than  has  the  sewage  at  the  experiment  station 
during  some  years,  but  the  amount  of  free  ammonia  present  is  more 
than  twice  as  great  as  the  average  amount  in  the  experiment  station 
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sewage.  The  amount  -of  chlorine,  while  greater  than  that  in  the 
Lawrence  sewage  at  the  experiment  station,  is  not  enough  in  quan- 
tity to  impede  nitrification,  as  various  investigations  with  tannery 
sewage,  etc.,  previously  reported,  have  illustrated. 

It  seems  probable  —  although  this  is  not  yet  proved  —  that 
the  anaerobic  action  has  been  carried  so  far  before  the  sewage 
reaches  the  filters  that  various  bodies  have  been  generated  in  the 
sewage  which  prevent  the  development  of  the  nitrifying  bacteria  in 
the  filters.  The  sewage  has  an  odor  more  nearly  resembling  that 
of 'the  wastes  from  a  cesspool  than  that  of  ordinary  fresh,  stale  or 
septic  sewage.  It  is  certain  that,  if  the  anaerobic  process  is  carried 
too  far,  there  may  be  a  formation  of  distinctly  poisonous  bodies, 
which  might  prevent  nitrification.  It  is  possible,  however,  that  the 
coke  in  this  particular  instance  is  of  such  a  nature  that  it  does  not, 
when  used  as  a  filtering  medium,  furnish  the  proper  conditions  for  the 
promotion  of  nitrification  and  the  formation  of  sodium  and  potas- 
sium nitrate.  This  will  receive  further  study  during  1900.  What- 
ever may  be  the  cause,  it  must  be  stated  that  this  septic  tank 
experiment  is  not,  so  far,  satisfactory,  neither  the  tank  nor  the 
filters  producing  favorable  results.  The  following  tables  present 
the  results  of  analyses  of  the  sewage  as  it  reaches  the  area  and 
enters  the  septic  tank,  the  tank  efiiuent  and  the  effluents  of  the 
two  filters  :  — 


Monthly  Averages  of  Analyses  of  Andover  Sewage. 

[Parts  per  100,000.] 


a 

io 

c 
1 

ALBUMINOID  Ammonia. 

a 

la 
0 

•6 

a 

a 
a  ^ 

CO 

0 

u 

1S99. 

■3 

1  0 
OS. 

00 
a 

li 

P3 

Jaly,     . 

- 

8.77 

0.68 

0.60 

.08 

19.79 

4.84 

3,000,000 

August, 

64 

9.00 

1.02 

0.59 

.43 

14.60 

6.25 

1,683,000 

September,  . 

62 

9.20 

1.12 

0.81 

.31 

11.90 

6.87 

3,470,000 

October, 

55 

9.40 

1.60 

1.30 

.30 

10.92 

7.73 

2,350,000 

November,  . 

50 

13.05 

2.05 

1.58 

.47 

15.74 

11.35 

5,335,000' 

December,   . 

44 

9.10 

1.27 

0.98 

.29 

20.79 

7.50 

6,793,00ft 

Average, 

55 

9.75 

1.29 

0.98 

.31 

15.62 

7.42 

3,772,000 
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Monthly  Average  of  Analyses  of  Sewage  from  the  Experimental  Septic  Tank  in 

Andover,  Mass. 

[Parts  per  100,000.] 


n 
1 

a 

AxBDMiNoiD  Ammonia. 

6 

a 

a 

3 

gc 

O-c 

1899. 

i.i 

1  o 

.SoC 

¥ 

2 

3 
o 

a 

5g 

CO. 

go 
o 

«5a 

P5 

July 

- 

8.03 

0.51 

.46 

.05 

22.93 

4.57 

653,000 

August, 

64 

9.49 

0.73 

.54 

.19 

22.74 

5.48 

840.000 

September, 

62 

9.70 

0.74 

.65 

.09 

17.58 

5.45 

1,450,000 

October 

56 

10.20 

0.81 

.73 

.08 

15.39 

5.80 

1,373,000 

November 

50 

8.V0 

0.93 

.78 

.15 

11.55 

6.80 

5,950,000 

December 

44 

9.67 

1.09 

.89 

.20 

11.63 

6.77 

6,480,000 

Average,       .... 

55 

9.30 

0.80 

.68 

.12 

16.97 

5.81 

2,791,000 

Effluent  of  the  Andover  Experimental  Sand  Filter. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 

Daily 

for  Seven 

Days  in  a 

Week. 

Tempbratube. 
Deg.  F. 

Appearance. 

Ammonia. 

Nitrogen 
as 

1 

a 

3 

s 

o 
S) 
o 

o 
S 

3 

1899. 

1 
CO 

3 

1 

Eh 

c 

o 

6 

8 

Em 

•a 

o 

3 

S 
3 

< 

a 

_o 

3 
o 

20.23 

1 

II 

So 

Jtily, 

40,000 

- 

- 

None. 

0.07 

0.6667 

.0160 

1.23 

.0626 

0.22 

4,500 

August, . 

40,000 

64 

75 

None. 

0.05 

0.6850 

.0160 

21.94 

5.47 

.0098 

0.22 

400 

September,    . 

40,000 

62 

64 

None. 

0.07 

0.2727 

.0212 

18.61 

4.87 

.0007 

0.26 

4,893 

October, 

111,300 

56 

55 

Slight. 

0.26 

3.9250 

.0670 

18.01 

1.54 

.0583 

0.92 

30,950 

November,     . 

220,800 

60 

47 

Slight. 

0.44 

5.7000 

.1380 

10.89 

0.46 

.0095 

1.21 

176,600 

December,     . 

220,800 

44 

41 

Decided. 

1.47 

8.5100 

.2707 

14.28 

0.03 

.0017 

2.09 

466,000 

Average, 

112,150 

55 

56 

- 

0.39 

3.2932 

.0882 

17.33 

2.27 

.0238 

0.82 

113,900 

October  18  surface  of  the  filter  was  badly  clogged,  and  after  3  days  rest  it  was  raked  to  the  depth  of 
3  inches.    From  this  date  the  surface  was  raked  1  Inch  deep  each  week. 
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Effltient  of  the  Andover  Experimental  Coke  Contact  Filter. 

[Parts  per  100,000.] 


Quan- 

Tempbratdkb. 

o 

tity 

Dbg 

.  F. 

Appearance. 

Ammonia. 

AS 

■a 

a 

Applied. 

Gallons 
per  Acre 

a 

a 

O 

1899. 

>. 

ALBtJMINOID. 

»3S 

Daily 

6 

6 

£ 

m 

s 

for  Seven 

• 

^ 

"« 

.2 

1 

«  e 

Days  in  a 

& 

M 

o 

Si 

CJ 

3 

_Q 

^ 

L.I 

So 

pa 

Week. 

CO 

H 

6 

h 

H 

O 

m 

o 
24.71 

^ 

S5 

o 

July,  . 

860,000 

- 

- 

Great. 

* 

6.9500 

.4500 

.3600 

.019 

.0030 

3.20 

681,300 

August, 

860,000 

64 

65 

Great. 

* 

7.3500 

.5600 

.4100 

24.31 

.032 

.0000 

4.15 

813,900 

September, 

860,000 

62 

63 

Great. 

* 

7.2700 

.5300 

.4500 

18.11 

.014 

.0003 

4.27 

661,700 

October,    . 

590,000 

56 

65 

Great. 

.72 

7.8500 

.6300 

.5100 

15.46 

.020 

.0000 

4.27 

903,400 

November, 

1,036,000 

50 

50 

Great. 

.73 

6.8000 

.6700 

.6500 

11.07 

.027 

.0015 

5.05 

270,000 

December, 

1,036,000 

44 

44 

Great. 

.87 

9.4700 

.8000 

.6900 

11.75 

.016 
.021 

.0000 

4.90 

4,027,000 

Average, 

873,700 

55 

55 

- 

- 

7.6200 

.6100 

.5100 

17.57 

.0008 

4.31 

1,226,000 

July  10  to  August  19  sewage  was  applied  until  surface  of  the  filter  was  covered,  filter  stood  full 
four  hours  and  then  drained  slowly;  August  20  to  October  9  sewage  was  applied  in  two  equal  volumes; 
October  10  to  November  17  volume  applied  reduced ;  November  18  to  December  31  a  continuous  stream  of 
sewage  passed  through  the  filter,  at  rate  of  6.1  gallons  per  minute.    September  8  to  12  filter  not  operated. 


*  Black. 


Bacteeial  or  Contact  Filters. 

The  so-called  bacterial  filters  are  always  constructed  of  coarse 
material,  and  the  entire  depth  of  the  filter  is  brought  into  contact 
with  the  sewage  applied  each  day ;  that  is  to  say,  the  entire  open 
space  of  the  filter  is  filled  with  sewage  daily  or  even  several  times 
dail3\  The  name  "bacterial  filter"  is  misleading,  as  an  intermit- 
tent sand  filter  is  as  truly  a  bacterial  filter  as  these  filters  of  coarse 
material ;  "  contact  filter  "  is  a  more  suitable  term,  although  it  is  not 
entirely  satisfactory. 

During  the  year  1899  there  have  been  four  coke  or  cinder  contact 
filters  in  operation  at  the  station ;  namely,  Filters  Nos.  82,  103, 
107  and  108.  The  construction  of,  and  the  results  obtained  from 
Filter  Xo.  103  have  been  described  in  connection  with  the  discussion 
upon  septic  sewage.  The  general  construction,  methods  of  operation 
and  rates  of  filtration  of  contact  filters,  and  the  degree  of  purifica- 
tion obtained  by  them  at  the  experiment  station,  have  been  described 
in  previous  reports.  It  is  here  intended  to  discuss  a  few  points  in 
connection  with  them,  upon  which  our  investigations  have  given  us 
interestino-  results. 
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Permanency  of  Bacterial  or  Contact  Filters. 

The  question  of  the  permanency  of  contact  filters  is  one  of  great 
importance ;  that  is  to  say,  the  question  whether  the  open  space  in 
the  filter  will  ultimately  become  filled  with  mineral  and  organic 
matter,  but  especially  mineral  matter,  so  that  the  entire  filtering 
material  will  have  to  be  removed  and  washed  if  the  filter  is  to  be 
continued  in  operation,  is  one  of  practical  moment.  The  results  at 
the  experiment  station  upon  this  point  are  as  follows  :  — 

The  sewage  at  the  station,  consisting  of  house  sewage  and  street 
washings,  comes  through  a  2^/2  i^^ch  pipe,  4,300  feet  long,  reaching 
from  a  point  in  one  of  the  city  sewers  to  the  station ;  and  it  was 
stated  in  the  first  extended  report  of  the  Board  upon  filtration  of 
sewage  —  the  report  of  1890  —  that  the  sewage  reaching  the  station 
must  of  necessity  contain  less  mineral  matter  in  suspension  than 
the  sewage  in  the  sewer,  because  some  of  the  matter  in  suspension 
in  the  sewage  as  it  enters  the  pipe  is  gradually  deposited,  and  for 
this  reason  the  pipe  has  to  be  flushed  out  by  a  stream  from  a  city 
hydrant  about  once  a  month.  On  this  account  the  filters  do  not  re- 
ceive quite  as  much  sand  with  the  sewage  with  which  we  flood  them 
as  they  would  if  they  received  sewage  directly  from  the  sewer  out- 
let, but  they  undoubtedly  receive  as  much  mineral  matter,  sand, 
etc.,  in  suspension  as  they  would  from  sewers  conveying  sewage  of 
a  separate  system,  —  that  is,  sewage  without  the  street  washings. 
They  probably  also  receive  as  much  sand  as  would  be  the  case  with 
filters  before  reaching  which  the  sewage  was  first  passed  through 
settling  tanks  or  grit  chambers.  Analj^ses  of  the  sewage  as  it 
reaches  the  experiment  station,  compared  with  analyses  of  sewage 
going  upon  filtration  areas  in  the  State,  show  that  there  is  little  dif- 
ference in  the  average  amount  of  mineral  matter  in  these  difi*erent 
sewages,  and  the  proportion  of  the  fixed  solids  to  the  total  residue 
upon  evaporation  is  fully  as  great  with  the  Lawrence  sewage  as  with 
most  of  the  sewages  of  the  cities  and  towns  of  the  State  which  have 
filtration  areas  in  use. 

We  have  had  in  operation  at  the  station  contact  filters  of  gravel, 
coke,  cinders,  cinders  and  ashes,  broken  stone,  metallic  iron,  hema- 
tite, etc.  The  first  of  our  contact  filters  were  constructed  of  gravel 
stones,  and  operated  in  a  manner  difi^erent  from  that  now  followed 
and  diflerent  from  the  English  method,  —  Filters  Nos.  15  and  16 
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(see  report  of  the  Board  for  1895).  Coke  and  cinder  filters  have 
been  experimented  with  extensively  for  several  years. 

A  contact  filter  containing  4^/^  feet  in  depth  of  ashes  and  cinders, 
put  in  use  in  November,  1896,  had  become  so  badly  clogged  by  the 
end  of  1898,  both  by  organic  and  mineral  matter,  but  principally  by 
organic  matter,  that  we  ceased  to  operate  it  (see  report  of  the  Board 
for  1898,  page  452).  In  this  case  the  material  placed  within  the 
filter  was  (intentionally)  not  prepared  as  carefully  as  the  material 
placed  in  a  contact  filter  should  be, — that  is,  there  was  a  mixture 
of  much  fine  material  with  the  coarse  material. 

Another  contact  filter,  Filter  No.  82,  was  put  in  operation  in 
September,  1897,  and  contained  5  feet  in  depth  of  cinders  freed 
from  fine  material,  such  as  ashes,  small  pieces  of  cinder,  etc.  This 
filter  is  in  good  working  condition  at  the  present  time,  is  operating 
at  the  rate  of  approximately  560,000  gallons  per  acre  daily,  and  is 
producing  what  must  be  considered  a  satisfactory  efiluent  for  a 
contact  filter.  At  the  end  of  two  months'  operation  the  inter- 
space capacity  of  this  filter  had  decreased  about  12  per  cent., — 
that  is,  from  about  55  per  cent,  open  space  to  43  per  cent,  open 
space ;  but  since  then  to  the  present  time  there  has  been  little  or 
no  decrease  in  this  interspace  that  a  short  resting  does  not  re- 
move, showing  that  this  clogging  and  decrease  is  caused  largely 
at  least  by  the  accumulation  of  organic  matter  and  not  by  mineral 
matter,  and  the  filter  is  taking  the  same  volume  of  sewage  daily  at 
the  present  time  that  it  did  at  the  beginning  of  December,  1897, 
three  months  after  it  was  first  put  in  operation.  With  the  cinder 
in  this  filter,  however,  there  is  a  tendency  towards  disintegration. 
This  quality  would  vary  undoubtedly  with  cinder  from  different 
kinds  and  grades  of  coal ;  and  hard  clinkers,  free  from  easily  dis- 
integrated pieces,  would  certainly  be  a  more  satisfactory  material. 

Filter  No.  103,  the  construction  of  which  has  been  previously 
described  (see  page  427),  and  which  has  been  in  operation  for  two 
years,  receiving  septic  sewage  containing  less  mineral  matter  than 
the  untreated  station  sewage,  has  shown  a  somewhat  similar  result ; 
that  is,  a  somewhat  rapid  decrease  in  the  percentage  of  open  space 
for  the  first  two  or  three  months,  when  a  fairly  permanent  condition 
was  reached,  and  the  volume  of  sewage  necessary  to  fill  the  filter 
to  its  surface  remains  practically  the  same.  There  is  no  tendency 
to  disintegration  observable  in  the  coke  in  this  filter,  the  particles 
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"being  firm  and  clean  at  the  present  time.  Similar  results  have 
been  obtained  with  Filter  No.  107  (cinder)  and  Filter  No.  108 
(coke) . 

In  conclusion,  it  can  be  said  that,  judging  from  the  operation  of 
the  contact  filters  at  the  station  and  for  the  period  in  which  they 
have  been  in  operation,  beyond  the  first  rapid  decrease  of  12  to  15 
per  cent,  in  open  space,  there  is  little  change  for  a  number  of  years, 
if  sufiicient  resting  is  given  from  time  to  time ;  but  the  indications 
are  that  the  coke  used  at  Lawrence  is  from  its  nature  a  more  per- 
manent material  than  the  cinders  used  at  Lawrence.  We  must 
conclude  therefore  that  much  of  the  finely  divided  mineral  mat- 
ter, that  enters  with  the  sewage  at  the  top  of  these  filters  with 
a  large  percentage  of  open  space  and  large  voids  between  the  par- 
ticles of  material  of  which  the  filters  are  constructed,  must  to  a 
very  large  extent  pass  away  with  the  efiiuent  from  the  filters. 

Method  of  Operation  of  Contact  Filters. 

In  England  it  is  customary,  where  experimental  contact  filters 
have  been  operated  or  contact  filters  of  a  considerable  size  have  been 
constructed,  to  have  these  filters  in  series  of  two,  the  depth  of  each 
filter  being  generally  not  more  than  3  to  4  feet ;  the  first  filters  in 
the  series  being  filled  in  one  flow  of  sewage,  the  sewage  allowed  to 
remain  for  a  certain  period  in  the  filters,  and  then  the  efiiuent  from 
these  filters  allowed  to  flow  upon  the  second  filters,  which  are  also 
filled  to  the  surface  with  one  flow  of  sewage ;  that  is  to  say,  the 
sewage  passes  through  8  feet  in  depth  of  material  if  each  of  these 
filters  is  4  feet  in  depth,  and  each  filter  is  filled  with  sewage  quite 
quickly. 

At  the  experiment  station  at  Lawrence  the  general  method  of 
operating  the  contact  filters  has  been  somewhat  difi'erent ;  that  is  to 
say,  instead  of  filling  them  with  one  flow  of  sewage,  they  are  filled 
with  successive  applications  of  sewage,  and  by  this  means  more  air  is 
introduced  into  the  filter.  It  is  also  customary,  with  most  of  our 
filters,  to  fill  each  one  but  once  daily. 

Having  the  filters  arranged  as  double  contact  filters  increases  the 
area  of  land  required,  compared  with  the  area  required  for  single 
contact  filters ;  and  if,  with  greater  depth  and  more  careful  methods 
of  flooding,  the  single  contact  filter  can  produce  as  good  or  nearly 
as  good  results,  the  cost  of  land  and  construction  can  certainly  be 
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minimized.  It  must  be  understood,  however,  that  the  effluents  of 
contact  filters  do  not  approach  the  same  degree  of  purity  as  the 
effluents  of  the  best  intermittent  sand  filters. 

Limit  of  Period  of  Time  that  SeiDage  should  remain  vnthin  a  Con- 
tact Filter  to  give  the  Best  Purification. 

By  the  method  of  flooding  a  contact  filter  followed  in  England 
and  at  Lawrence,  air  is  introduced  with  the  sewage.  The  Lawrence 
method  of  intermittent  flooding  introduces  more  air  than  the  Eng- 
lish method,  as  experiments  at  the  station  have  proved  and,  as 
the  sewage  which  enters  the  filter  first  is  withdrawn  first,  all  the 
sewage  applied  remains  for  approximately  an  equal  period  of  time 
within  the  filter.  It  is  evident  that,  if  the  action  upon  the  sewage 
in  the  filter  is  to  be  that  of  oxidation  entirely,  the  sewage  should 
be  withdrawn  somewhat  before  the  exhaustion  of  the  oxygen  occurs. 
Determinations  of  the  dissolved  oxygen  in  the  effluents  of  contact 
filters  made  during  the  past  year  have  shown  that  this  exhaustion 
takes  place  usually  within  two  or  three  hours  from  the  completion 
of  flooding,  depending  of  course  more  or  less  upon  the  amount  of 
air  introduced  at  the  time  of  flooding  and  the  strength  and  state 
of  the  sewage  applied.  If  the  effluent  is  then  withdrawn,  it  is  of 
a  slight  earthy  odor ;  and  many  tests  have  shown  that  secondary 
decomposition  seldom  occurs  in  it,  even  when  held  in  bottles  in  a 
warm  laboratory  for  several  days,  this  fact  being  determined  by  the 
amount  of  oxygen  conswned  from  permanganate  at  diff'erent  periods 
after  withdrawal  from  the  filter.  If  it  does  not  occur  in  the  labor- 
atory, it  certainly  ought  not  take  place  if  this  effluent  flowed  into 
a  stream  the  water  of  which  contained  considerable  dissolved  oxy- 
gen to  aid  and  continue  the  oxidation  begun  in  the  effluent  as  it 
leaves  the  filter. 

Determinations  of  dissolved  oxygen  in  the  effluent  of  Filter  No. 
82,  as  it  flows  from  the  filter,  have  shown  a  variation  during  the 
first  eleven  months  of  the  year  from  3  per  cent,  of  saturation  to  23 
per  cent,  saturation,  with  an  average  of  7  per  cent.  During  De- 
cember, when  the  surface  of  the  filter  had  become  somewhat  clogged, 
no  free  oxygen  was  found  in  the  effluent.  The  following  table 
shows  the  average  amount  of  free  oxygen  present  in  the  effluents 
of  many  of  the  sewage  filters  during  the  year :  — 
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Average  Amount  of  Dissolved  Oxygen  in  Effluents  of  Sewage  -Filters. 

[Per  cent,  of  saturation.] 


NuMBBK  OF  Filter. 

1899. 

1 

3 

4 

S 

6 

9 

lO 

83 

88 

95 

96 

100 

103 

107 

108 

116 

117 

118 

131 

133  135 

January, 

24 

68 

84 

65 

63 

50 

50 

6 

80 

80 

2 

56 

21 

2 

5 

75 

- 

105 

- 

- 

- 

February, 

47 

35 

82 

82 

49 

46 

31 

23 

73 

68 

- 

57 

9 

0 

10 

68 

- 

102 

- 

- 

- 

April,     . 

69 

43 

62 

78 

6 

67 

46 

0 

78 

66 

3 

51 

2 

0 

6 

78 

- 

92 

0 

- 

- 

June. 

70 

72 

76 

85 

69 

81 

77 

5 

67 

77 

- 

52 

33 

0 

16 

58 

51 

51 

7 

1 

90 

July, 

80 

86 

91 

92 

82 

84 

82 

9 

79 

92 

- 

82 

78 

0 

76 

80 

77 

79 

-, 

- 

97 

August, . 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

46 

0 

27 

76 

35 

66 

- 

0 

- 

September,    . 

56 

80 

- 

40 

63 

63 

70 

4 

72 

40 

- 

48 

27 

1 

11 

42 

21 

21 

8 

1 

2 

October, 

63 

52 

56 

66 

45 

72 

53 

3 

41 

66 

- 

48 

2 

- 

8 

16 

4 

47 

- 

2 

2 

December,     . 

52 

75 

75 

87 

46 

35 

57 

0 

27 

64 

- 

21 

1 

- 

10 

38 

- 

18 

- 

- 

3 

Average, 

58 

64 

75 

74 

53 

62 

58 

6 

65 

69 

8 

52 

24 

- 

19 

59 

S8 

66 

5 

1 

39 

Filters  Nos.  82,  103,  107,  108,  117,  121  and  123  are  contact  filters;  the  remainder  are  intermittent 
filters,  with  the  exception  of  Filter  No.  125,  whioh  was  an  intermittent  filter  during  June  and  July,  and 
a  contact  filter  during  the  remainder  of  the  year. 


Theory  of  the  Action  within  a  Contact  Filter. 
The  eiBuents  of  properly  constructed  and  operated  contact  filters 
contain  very  little  organic  matter  in  suspension.  When  the  effluent 
flows  from  a  filter,  air  is  drawn  into  the  filter  again  and  fills  the 
open  space.  Consequently  a  partial  oxidation  of  the  organic  matter 
left  within  the  filtering  material  proceeds  until  this  oxygen  is  ex- 
hausted, when  the  open  space  is  completely  filled  with  the  chief 
products  of  this  oxidation,  —  namely,  carbonic  acid  gas,  marsh  gas, 
nitrogen  of  the  air  primarily  present  and  nitrogen  liberated  during 
decomposition,  —  and  the  filter  will  remain  with  its  open  space  filled 
with  these  gases  until  they  are  removed  by  the  introduction  of 
sewage  or  air.  This  condition  reached,  the  activity  of  the  oxidizing 
and  nitrifying  bacteria  within  the  filter  ceases  and  anaerobic  actions 
begin,  which  change  a  considerable  portion  of  the  organic  matter 
adhering  to  the  filtering  material  into  forms  easily  soluble  and  oxi- 
dized by  the  air  introduced  when  the  filter  is  again  flooded.  On 
page  430  of  the  report  of  the  Board  for  1897  is  given  the  result  of 
a  series  of  examinations  of  the  atmosphere  from  the  interior  of  a 
filter  of  coarse  material,  showing  the  almost  complete  exhaustion 
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of  oxygen  in  the  course  of  a  few  hours  and  a  large  volume  of  car- 
bonic acid  gas  present.  Examinations  made  during  1899,  of  air 
from  the  interior  of  contact  filters,  have  shown  similar  results. 

With  the  double  contact  system  and  frequent  and  quick  floodings 
daily  the  anaerobic  and  aerobic  actions  are  more  completely  sepa- 
rated than  is  the  case  in  the  single  contact  filter ;  that  is,  the 
action  taking  place  in  the  first  filter  is  largely  anaerobic  and  its 
efliuent  rarely  contains  dissolved  oxygen,  while  in  the  second  filter, 
receiving  partially  purified  sewage,  the  action  is  largely  aerobic, 
as  shown  by  the  presence  of  dissolved  oxygen  in  the  efiluent.  If 
the  first  filter  was  filled  from  below,  however,  and  in  this  manner 
-the  access  of  air  prevented,  the  separation  would  be  more  com- 
plete. For  partial  illustration  of  this,  Filters  Nos.  133  and  134, 
discussed  on  pages  426  and  450,  are  examples,  and  also  Filters 
Nos.  107  and  108  (see  page  444). 

.Comparison  of  Aerated  Filters  Nos.  15  B  and  16  B  avith  Bac- 
terial OR  Contact  Filters^ 

That  the  cycle  of  anaerobic  and  aerobic  actions  upon  the  sewage 
in  the  filters  is  of  advantage,  not  only  in  obtaining  good  purification 
but  in  preventing  the  accumulation  of  organic  matter  in  the  inter- 
space of  filters  and  the  consequent  clogging,  is  well  proved  by  a 
comparison  of  the  action  of  the  aerated  Filters  Nos.  15  B  and  16  B 
(formerly  in  operation  at  the  station)  with  the  results  obtained  from 
contact  filters  in  more  recent  years. 

Filters  Nos.  15  B  and  16  B  were  put  in  operation  in  1892,  and 
contained  5  feet  in  depth  of  coarse  gravel  stones  of  an  eflective 
size  of  5.10  millimeters,  and  were  operated  at  a  rate  of  approxi- 
mately 500,000  gallons  per  acre  daily.  Through  these  filters  cur- 
rents of  air  were  drawn  almost  continuously.  This  experiment 
was  carefully  conducted,  and  we  know  that,  while  occasionally  per- 
fect aeration  was  not  obtained,  generally  it  was  accomplished,  and 
immense  volumes  of  air,  as  compared  with  the  volume  of  sewage 
purified,  were  forced  through  every  part  of  these  filters.  As  a 
result,  fiiir  purification  was  obtained.  In  the  report  of  the  Board 
for  1895,  page  469,  the  following  statement  was  made:  "It  is 
noticeable  that  the  organic  matter  in  the  liquids  after  rapid  filtration 
combined  with  aeration  is  of  a  different  character  from  the  organic 
matter   in  the  sewage  resulting  from   other   sludge-removing   pro- 
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cesses.  That  is  to  say,  even  when  the  organic  matter,  as  shown  by 
the  albuminoid  ammonia,  is  present  in  quantities  as  great  as  in  the 
other  partially  purified  sewages,  it  has  passed  through  such  chemi- 
cal and  biological  changes  that  it  develops  ofiensive  odors  very 
slowly  on  standing."  These  aerated  filters  became  so  clogged  with 
organic  matter  from  time  to  time,  however,  that  in  order  to  continue 
them  in  operation  all  the  filtering  material  had  to  be  removed  and 
washed,  aeration  failing  completely  to  destroy  or  oxidize  this  or- 
ganic matter  ;  and  determinations  of  the  amount  of  organic  matter  in 
this  wash  water  showed  that  a  very  large  percentage  of  that  applied 
with  the  sewage  was  stored  in  the  filters  and  removed  by  the  wash- 
ing. This  organic  matter  was  of  a  granular  character,  not  at  all 
ofi'ensive,  but  rather  of  an  earthy  odor. 

In  these  filters  we  were  depending  entirely  upon  oxidation,  allow- 
ing no  opportunity  for  anaerobic  action  within  the  filter,  as  in  the 
present  contact  filters,  and  hence  the  organic  matter  applied  in  the 
sewage  was  not  given  an  opportunity  to  become  putrefied  —  that  is, 
broken  down  by  the  rapid  anaerobic  actions  —  and  thus  changed  into 
bodies  easily  oxidized.  Even  when  resting  the  aerated  filters  at 
times  of  clogging,  we  drew  air  through  them,  still  depending  upon 
oxidation,  while  recent  experiments  have  demonstrated  that  we  could 
have  more  quickly  removed  the  stored  organic  matter  in  them  if  we 
had  kept  them  full  of  sewage  and  depended  entirely  upon  anaerobic 
action.  We  have  operated  the  contact  filters  for  longer  periods,  at 
higher  rates  and  without  causing  clogghig,  and  obtained  more  satis- 
factory etfiuents.  In  fact,  the  results  of  the  operation  at  the  station 
of  aerated  filters,  of  the  class  of  which  Nos.  15B  and  16 B  are  a  type, 
compared  with  the  results  obtained  with  contact  filters,  have  appar- 
ently demonstrated  the  superiority  of  the  latter  method,  the  better 
results  obtained  being  due  undoubtedly  to  causes  already  explained. 

Results  obtained  feom  Contact  Filters  — 1899. 
A  description  of  three  of  the  contact  filters  in  operation  during 
1899  is  here  given  ;   a  description  of  Filter  No.  103  having  been 
given  on  page  427,  and  a  description  of  Filters  Nos.  121,  123  and 
125  on  page  474. 
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Double  Contact  Filters  Nos.  107,  j^o  ^f  ^^^  Acre  in  Area,  and 


108. 


of  an  Acre  in  Area. 


'■>   18000 

Filters  Nos.  107  and  108  were  put  in  operation  during  1898,  and 
the  results  during  that  year  have  been  given  in  the  report  of  the 
Board.  They  were  continued  in  operation  during  1899.  Filter 
No.  107  contains  2  feet  in  depth  of  cinders  freed  from  ashes,  and 
Filter  No.  108  contains  the  same  depth  of  pieces  of  fine  coke  free 
from  dust;  at  the  beginning  of  the  year  Filter  No.  107  was  operat- 
ing at  the  rate  of  726,000  gallons  per  acre  daily  and  Filter  No.  108 
at  the  rate  of  600,000  gallons  per  acre  daily.  The  method  of 
operation  was  as  follows  :  — 

To  Filter  No.  107  sewage  was  applied  once  daily  until  the  inter- 
space of  the  filter  was  full.  After  remaining  within  the  filter  two 
hours,  this  sewao-e  was  run  to  the  surface  of  Filter  No.  108,  some- 
what  larger  in  area,  which  explains  the  somewhat  lower  rate  of 
filtration.  They  were  operated  for  periods  of  six  weeks  and  then 
allowed  to  rest  for  one  week.  By  this  method  of  treatment  a  de- 
gree of  purification  has  been  obtained,  shown  by  the  following 
tables  of  average  analyses  of  the  eflluents  during  the  year :  — 

Effluent  of  Filter  No.  207. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied 

Temperatuee. 
Deg.  F. 

Appeabance. 

Ammonia. 

Nitrogen 

AS 

'6 

a 

3 

s 

a 

^  u 

1899. 

Gallons 
per  Acre 

Dally 
for  Six 
Days  in  a 

Week. 

bo 

i 

3 

2 

B 

i 

o 

1 

S 
o 

c 

0 

3 
JS 

< 

_o 

2 

Q 
10.59 

ED 

1 

5 
o 

c 

1 

o 

S.2 

11 

January, 

726,100 

49 

45 

Great. 

0.68 

2.2600.3770 

0.50 

.0060 

2.83 

764,000 

February, 

600,000 

49 

47 

Great. 

0.55 

2.0200.3120 

7.45 

0.52 

.0150 

2.47 

854,000 

March,    . 

560,000 

48 

49 

Great. 

0.50 

1.6600  .2710 

1 

5.93 

0.64 

.0140 

2.50 

965,000 

April, 

432,000 

47 

49 

Great. 

0.53 

1.8000 

.2560 

5.98 

0.55 

.0180 

1.88 

186,000 

May,       .        . 

720,000 

56 

57 

Great. 

0.57 

1.5400 

.2060 

5.17 

1.40 

.0407 

1.72 

435,000 

June, 

526,000 

68 

70 

Decided. 

0.49 

0.5187 

.1273 

3.17 

0.78 

.0253 

0.96 

123,500 

July,       . 

554,000 

74 

73 

Slight. 

0.36 

0.0064 

.0342 

0.47 

0.49 

.0003 

0.35 

7,500 

August,  . 

533,000 

70 

70 

Decided. 

1.05 

2.1750 

.1120 

8.38 

0.62 

.0490 

1.17 

144,000 

September, 

609,000 

65 

65 

Great. 

0.50 

2.6000 

.3760 

11.82 

0.47 
0.66 

.0905 

2.59 

1,050,700 

Average, 

584,500 

58 

58 

- 

0.58 

1.6200 

.2302 

6.55 

.0288 

1.83 

503,300 

Sewage  applied,  20  gallons  sewage  twelve  times  a  week,  January  1  to  January  24;  18  gallons  sewage 
twelve  times  a  week,  January  25  to  September  30.  Filter  was  operated  in  periods  of  five  weeks  each, 
and  allowed  to  rest  one  week  between  each  period.  April  18  to  April  30,  experiment  interrupted  by 
freshet. 
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Effluent  of  Filter  No.  108. 

[Parts  per  100,000.] 


Quan- 
tity 

Temperatdeb. 
Deg.  F. 

Appearance. 

Ammonia 

KiTEOGEN 
AS 

■o 

o 

3 

3 

Applied. 

Gallons 
per  Acre 

a 

s 

c 
o 
U 

1899, 

>. 

2 
o 

c 

a 

3 
< 

•SX3 

II 

CO 

Daily 

for  Six 

Days  in  a 

Week. 

a 

1 

a 

3 

U 

o 

6 

£ 

g 

.1 

a 
o 

January, 

599,000 

45 

46 

Great. 

.61 

.8600 

.1680 

8.90 

1.53 

.0060 

1.36 

323,000 

February, 

495,000 

47 

47 

Great. 

.45 

.6200 

.1467 

7.42 

1.42 

.0067 

1.29 

396,000 

March,    . 

462,000 

49 

47 

Great. 

.41 

.6500 

.1500 

5.69 

1.46 

.0040 

1.37 

265,000 

April,      . 

356,000 

49 

49 

Decided. 

.40 

.4600 

.1200 

5.12 

1.41 

.0032 

0.94 

175,000 

May, 

594,000 

57 

58 

Great. 

.53 

.4900 

.1067 

4.90 

2.22 

.0057 

0.85 

177,000 

June, 

434,000 

70 

72 

Decided. 

.40 

.1113 

.0747 

3.86 

1.51 

.0070 

0.60 

226,400 

July,        . 

457,000 

73 

72 

Slight. 

.26 

.0046 

.0527 

0.60 

0.70 

.0001 

0.37 

66,000 

August,  . 

440,000 

70 

70 

Decided. 

.64 

.6500 

.0680 

7.25 

1.61 

.0035 

0.74 

49,000 

September, 

503,000 

65 

65 

Great. 

.48 

.8600 

.1840 

11.78 

1.99 

.0150 
.0057 

1.56 

382,000 

Average, 

482,200 

58 

58 

- 

.46 

.5218 

.1190 

6.17 

1.54 

1.01 

228,800 

•"'**  Sewage  applied,  20  gallons  of  effluent  of  Filter  No.  107  twelve  times  a  week,  January  1  to  January 
20;  18  gallons  of  effluent  of  Filter  No.  107  twelve  times  a  week,  January  25  to  September  30.  Filter 
was  operated  in  periods  of  five  weeks  efich,  and  allowed  to  rest  one  week  between  each  period.  April 
18  to  April  30,  experiment  interrupted  by  freshet. 


Filter  JVo.  82. 

Filter  No.  82  contains  5  feet  in  deptli  of  cinders  freed  from  fine 

material,  and  was  first  put  in  operation  in  September,  1897.     The 

results    obtained    by  it   during   1899  are  shown  by  the  following 

table  :  — 

Effluent  of  Filter  No.  82. 

[Parts  per  100,000.] 


Quan- 
tity 

Tempeeatcrb. 
Deg.  F. 

APPEARANCE. 

Ammonia. 

Nitrogen 

AS 

13 

1 

Applied. 

U 

O 

1899. 

Gallons 

•d 

c 

per  Acre 
Daily 

for  Six 

to 

c 

c 

a 

_c 

1 

o 

c 

«a 

Days  in  a 
Week. 

e 
u 

•e 

3 

Eh 

o 
o 
O 

£ 

< 

3 
o 

7.39 

2 

[-1 

o 

So 

January, 

623,000 

49 

45 

Great. 

.39 

0.7000 

.1687 

0.99 

.0027 

1.19 

425,000 

February, 

623,000 

49 

43 

Great. 

.42 

0.5900 

.1630 

7.13 

1.22 

.0033 

1.13 

406,100 

March,    . 

471,400 

48 

46 

Great. 

.50 

0.9200 

.1520 

7.16 

0.93 

.0012 

1.21 

268,000 

April,     . 

623,000 

47 

53 

Decided. 

.41 

0.7300 

.1160 

6.50 

1.28 

.0018 

0.82 

239,000 

May, 

623,000 

66 

60 

Decided. 

.42 

0.9300 

.1463 

8.21 

0.88 

.0060 

0.U3 

385,000 

June, 

599,000 

68 

71 

Great. 

.42 

0.9300 

.1193 

8.33 

0.91 

.0153 

0.96 

434,000 

July, 

623,000 

74 

74 

Slight. 

.39 

0.0900 

.0520 

0.93 

0.47 

.0053 

0.36 

143,000 

August, . 

138,400 

70 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

September, 

503,200 

65 

72 

Great. 

.45 

1.6000 

.2280 

11.68 

0.08 

.0140 

2.16 

253,000 

October, 

558,000 

67 

56 

Great. 

.35 

0.4800 

.1030 

5.47 

0.76 

.0290 

0.96 

252,900 

November, 

480,000 

47 

47 

Great. 

.40 

0.5800 

.1100 

6.40 

0.76 

.0070 

0.99 

4.34,000 

December, 

455,300 
526,700 

46 

45 

Great. 

.65 

1.7600 

.1770 

6.64 

0.25 

.0030 

1.58 

417,800 

Average, 

56 

56 

- 

.44 

0.8500 

.1270 

6.32 

0.78 

.0081 

1.12 

331,600 

Sewage  applied,  10  gallons  forty-two  times  a  week,  January  1  to  May  28;  70  gallons  six  times  a 
week.  May  29  to  September  27;  70  gallons  six  times  a  week,  September  28  to  October  9;  10  gallons  forty- 
two  times  a  week,  October  10  to  December  31.  January  1  to  February  28  surface  remained  covered  three 
hours  daily;  March  1  to  December 31,  surface  remained  covered  live  hours  daily.  Filter  not  operated, 
March  20  to  March  26,  August  2  to  August  23,  August  30  to  September  5,  November  21  to  November  25, 
December  4  to  December  9.  Surface  dag  over  to  a  depth  of  8  inches,  March  20;  6  inches,  October  13;  8 
to  10  inches,  December  8. 
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Oom/parison  of  the  Result  of  Double  Contact  Filters  (iVb.s.  107  and 
108)  with  the  Result  from  Filter  No.  82. 
While  a  direct  comparison  of  the  results  obtained  fr.om  this  double 
contact  filtration  with  shallow  filters  with  those  obtained  from  single 
contact  filtration  in  a  deeper  filter  cannot  be  made,  owing  to  the  fact 
that  Filter  No.  82  contained  cinders  throughout  its  entire  depth, 
while  Filter  No.  108  was  constructed  of  coke,  still,  it  is  interesting 
to  observe  that  the  average  rate,  considering  the  depth  of  material 
employed  and  estimating  Filters  Nos.  107  and  108  as  one  filter,  was 
practically  the  same  ;  but  the  result  in  percentage  of  organic  matter 
removed  was  slightly  greater  with  the  double  contact  filters  than 
with  the  single  Filter  No.  82,  and  nitrification  was  considerably 
greater,  this  undoubtedly  being  due  partly  to  the  better  work  per- 
formed by  a  coke  filter  than  by  our  cinder  filters,  partly  to  the 
separation  of  aerobic  and  anaerobic  actions  and  partly  to  the  thor- 
ough aeration  obtained  when  passing  the  efl9.uent  from  Filter  No. 
107  to  Filter  No.  108.  The  dissolved  oxygen  in  the  effluent  of 
Filter  No.  108  for  the  year  averaged  19  per  cent,  of  saturation, 
while  the  dissolved  oxygen  in  the  effluent  of  Filter  No.  82  during 
the  year  averaged  6  per  cent,  of  saturation ;  and  occasionally  the 
efliuent  of  Filter  No.  82  contained  no  free  oxygen,  while  it  was 
never  absent  from  the  efiiuent  of  Filter  No.  108.  The  efiluent  of 
Filter  No.  107  seldom  contained  even  a  trace  of  dissolved  oxygen. 

Sand  Filteation  of  the  Effluent  of  Contact  Filters. 

Filter  JSFo.  124,  20000  O/"  ^'^  Acre  in  Area. 
Beginning  in  May  and  continuing  throughout^the  year,  the  effluent 
of  Contact  Filter  No.  82  was  applied  to  a  filter  containing  5  feet  in 
depth  of  sand  of  an  effective  size  of  0.19  millimeter.  This  filter 
purified  this  efliuent  efficiently  at  an  average  rate  of  712,400  gal- 
lons per  acre  per  day.  Thel  following  table  shows  the  quality  of 
the  effluent :  — 
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Effluent  of  Filter  No.  124. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 

Dally 

for  Sis 
Days  in  a 

Week. 

Tempera- 

TURB. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appeabancb. 

Ammonia. 

c 

O 

12.62 
7.37 
1.04 
4.15 

12.44 
6.77 
7.62 
7.67 

KiTROGEN 
AS 

•6 

a 

3 
1 

d 
O 

Cubic 

3 

o 
o 
O 

S 
o 
c 

a 

1 
1 

1 

1899. 

"1 

=33 

m  a 

So 

May,   . 
June,  . 
July,   . 
August, 
September, 
October, 
November, . 
December, . 

679,000 
971,000 
1,000,000 
213,000 
769,000 
846,000 
730,800 
490,000 

60 
71 
74 
75 
72 
56 
47 
45 
63 

54 

70 
75 
68 
67 
57 
50 
45 

29m. 
18m. 

32m. 
30m. 
Ih.l7m. 
16h. 

V.  slight. 
None. 
None. 
V.  slight. 
None. 
None. 
None. 
V.  slight. 

.06 
.10 
.11 
.06 
.18 
.16 
.15 
.31 

.7800 
.3062 
.0019 
.0098 
.0172 
.0090 
.0287 
.2204 

.0340 
.0153 
.0185 
.0222 
.0281 
.0232 
.0234 
.0436 

0.22 
1.42 
0.54 
4.39 
1.23 
1.77 
1.50 
1.22 

.0880 
.0244 
.0003 
.0010 
.0032 
.0059 
.0023 
.0070 

.29 
.16 
.23 
.16 
.34 
.28 
.30 
.47 

25,800 
1,420 
2,270 

1,568 
1,682 
3,474 
2,285 

Average, 

712,400 

61 

Sh.llm. 

- 

.14 

.1717 

.0260 

7.46 

1.54 

.0165 

.28 

5,500 

Sewage  applied,  6  gallons  of  effluent  of  Filter  No.  82  six  times  a  week,  from  May  16  to  May  21 ; 
12|  gallons  of  effluent  of  Filter  No.  82  twelve  times  a  week,  from  May  21  to  May  28;  12^  gallons  of 
effluent  of  Filter  No.  82  twenty-four  times  a  week,  from  May  29  to  December  31.  Surface  raked  3  inches 
once  each  week.  Surface  dug  over  to  a  depth  of  6  inches  December  27.  Filter  not  operated  October  12 
to  October  16,  November  20  to  November  27,  December  4  to  December  11,  December  23  to  December  27. 


Operation  of   Contact  Filters  in  Winter   Weather   in   New 

England. 

All  grades  of  sand,  no  matter  how  fine,  can  be  used  in  intermit- 
tent sewage  filtration.  During  summer  weather  the  finer  grades  of 
sand  produce  the  purest  efiluent,  as  can  be  seen  from  the  results 
obtained  with  Filters  Nos.  2  and  4  (see  page  477)  ;  but  in  winter 
these  fine  sand  beds  are  operated  with  more  difficulty  than  beds  of 
coarser  sand,  and  especially  is  this  the  case  with  experimental 
filters.  The  difficulty  is  less  apparent  with  the  larger  filters  in 
operation  at  various  towns  and  cities  in  the  State.  The  coarser 
the  sand  in  the  filter  and  the  greater  the  volume  of  each  void  be- 
tween the  sand  grains,  the  more  easily  does  the  sewage  enter  the 
bed  in  the  winter  temperature  of  Massachusetts  and  the  less  danger 
is  there  of  a  bed  becoming  seriously  afi'ected  by  frost.  A  differ- 
ence of  a  few  degrees  in  the  temperature  of  the  sewage  entering  the 
sand  causes  a  considerable  difference  in  the  degree  of  nitrification 
taking  place  within  the  filter  in  winter.     The  temperature  of  the 
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sewage  flowing  in  the  Lawrence  Street  sewer  (see  table,  page  418) 
averages  about  50  degrees  F.  in  the  coldest  months  of  the  year,  and 
the  winter  temperature  of  sewage  reaching  various  filtration  areas 
in  the  State  averages  during  the  winter  months  from  34  to  50  de- 
grees F.  The  coarser  the  filter  and  the  greater  the  readiness  with 
which  the  sewage  enters  it,  the  less  will  be  the  heat  lost  from  the 
sewage  during  its  exposure  upon  the  filter's  surface ;  but  with  a 
filter  of  fine  sand  covered  with  sewage  for  many  hours  during  a 
cold  winter  day,  owing  to  the  slowness  with  which  the  sewage  can 
enter  the  pores  of  the  filter,  a  considerable  portion  of  the  sewage 
entering  will  be  at  a  temperature  only  slightly  above  the  freezing 
point,  as  many  observations  at  the  experiment  station  during  the 
past  year  or  two  have  determined. 

Filter  No.  5B,  constructed  of  ashes  and  cinders,  and  the  coarsest 
of  the  out-door  filters,  maintains  better  nitrification  during  the  win- 
ter than  an}^  of  the  other  out-door  filters,  and  is  operated  more 
easily,  as  the  sewage  enters  the  filter  readily  as  a  general  rule,  is 
less  chilled  by  exposure  to  the  air  on  this  account,  and  the  tem- 
perature within  the  filter  is,  as  a  consequence,  higher  than  is  the 
temperature  in  the  other  out-door  filters,  this  being  shown  by  the 
slightly  higher  temperature  of  the  efliuent  of  this  filter.  The  efflu- 
ent of  Filter  No.  4  is  apparently  an  exception  to  this  ;  but  the  effluent 
flowing  from  this  filter  during  the  cold  winter  months  represents 
sewage  applied  to  the  surface  many  weeks  before,  owing  to  the 
slow  rate  of  filtration  and  the  water  capacity  of  this  filter. 

Owing  to  the  coarse  material  used  in  contact  filters  and  the  rapid 
entrance  of  sewage  at  a  temperature  necessarily  approximating  that 
which  it  has  when  flowing  from  the  sewer,  there  should  be  no  diffi- 
culty in  operating  these  filters  and  keeping  them  free  from  ice  and 
frost,  even  in  Massachusetts  winter  weather  ;  especially  as  the  sew- 
age remains  in  the  filter  only  a  portion  of  the  day,  not  longer  than 
it  often  remains  upon  the  surface  of  fine  sand  filters  exposed  to  the 
cold  winter  air ;  and  sewage  near  the  upper  portion  of  the  filter 
only  is  exposed  to  the  outside  air,  and  very  little  ice  would  prob- 
ably be  formed.  It  also  seems  probable  in  this  connection  that  filters 
of  the  construction  of  Filter  No.  117  (see  page  448)  could  be  oper- 
ated in  winter  weather,  as  the  warm  sewage  from  the  sewers  applied, 
passing  through  the  filter  in  a  period  of  time  not  greater  than  1^/^ 
hours  and  often  much  less,  depending  upon  the  depth  of  filtering 
material  and  the  rapidity  of  flow,  would  probably  not  lose  so  large  a 
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percentage  of  its  heat  as  does  the  sewage  when  passing  slowly,  in  the 
course  of  days,  through  an  intermittent  sand  filter.  The  experimental 
coke  contact  filter  at  the  Andover  filtration  area,  described  on  page 
430,  was  operated  without  difficulty  and  with  very  little  formation 
of  ice  during  the  winter  of  1899-1900,  during  a  portion  of  this  win- 
ter being  operated  as  a  contact  filter  and  during  a  portion  in  the 
manner  followed  with  Filter  No.  117. 

Septic  Sewage  and  Winter  Weathee. 

A  filter  of  coarse  sand  can  be  operated  with  less  accumulation  of 
nitrogen,  etc.,  in  its  upper  layers  than  a  filter  of  fine  sand;  and  the 
more  even  distribution  of  the  organic  matter  through  the  filter 
as  occurs  when  the  filter  is  of  coarse  sand  allows  greater  facility  of 
operation  than  a  more  dense  accumulation  in  the  surface  sand,  as  oc- 
curs with  filters  of  fine  sand,  and  a  smaller  accumulation  deeper  in 
the  filter.  Filters  Nos.  12  A,  13  A,  19  and  14  A  could  undoubtedly 
have  been  operated  at  as  high  rates  as  they  were  operated  and  have 
produced  nearly  as  pure  efifluents  if  the}^  had  been  constructed  of 
coarser  sand,  and  the  upper  few  inches  of  filtering  material  would 
have  been  in  better  condition  at  the  end  of  the  period  of  operation  of 
each  filter  than  they  were.  This  is  well  shown  by  a  comparison  of 
the  nitrogen  stored  in  the  upper  inch  of  Filter  No.  116  and  Filter 
No.  118.  These  two  filters  were  operated  at  high  rates  and  had 
received  the  same  volume  of  septic  sewage  for  the  same  length 
of  time,  but  Filter  No.  116  was  constructed  of  fine  sand  of  an 
efiective  size  of  0.17  millimeter  (the  same  grade  as  in  the  filters 
named  above),  while  Filter  No.  118  contained  sand  of  an  efifective 
size  of  0.26  millimeter.  At  the  end  of  1899  the  upper  inch  of 
sand  from  Filter  No.  116  contained  75  parts  per  100,000  of  nitro- 
gen by  weight,  and  that  from  Filter  No.  118  43  parts  per  100,000. 

With  intermittent  filters  constructed  of  either  fine  or  coarse  sand, 
considerable  benefit  might  be  derived  in  winter  weather,  as  far  as 
ease  of  operation  is  concerned,  from  the  large  volume  of  septic 
sewage  that  could  be  applied  without  surface  clogging ;  that  is,  this 
sewage  is  generally  quite  free  from  matters  in  suspension,  and 
hence  enters  the  filter  more  quickly  than  when  these  matters  settle 
out  upon  the  surface  of  the  filter,  as  occurs  when  untreated  sewage 
is  applied.  It  is  true  that  large  volumes  of  sewage  are  now  applied 
in  winter  on  various  areas  in  the  State,  and  insure  freedom  from 
frost ;   but  this  sewage,  owing  to  the  suspended  matters  present, 
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passes  below  the  surface  very  slowly,  exposure  of  the  surface  of  the 
finer  filters  to  air  is  infrequent  in  cold  weather  and  nitrification  is 
comparatively  poor,  and  the  sewage  entering  is  at  a  low  temperature. 

Continuous   Filtration   through   a   Filter  of  Brokjen  Stone 
10y2  Feet  in  Depth. 

Filter  Wo.  117,  ;^^^  of  an  Acre  in  Area. 

As  our  experiments  upon  rapid  filtration  continued,  it  seemed 
probable  from  the  results  obtained  that  sewage  could  be  purified 
satisfactorily  even  when  passed  continuously  through  filters  of 
coarse  material,  if  it  was  allowed  to  flow  in  such  volume  that  the 
surface  of  the  filter  would  never  be  covered  with  sewage,  and  air 
and  sewage  would  be  in  intimate  contact  throughout  the  entire  depth 
of  the  filter.  Consequently,  at  the  beginning  of  May,  1899,  a  filter 
was  constructed  of  broken  stone,  all  of  which  would  pass  through 
a  screen  with  a  2-inch  mesh  and  very  little  through  a  screen  with  a 
^-inch  mesh.  This  filter,  10^  feet  in  depth,  received  sewage  for 
a  large  portion  of  its  period  of  operation  at  the  rate  of  2,000,000 
gallons  per  acre  daily ;  the  actual  rate  during  the  entire  period  of 
operation  being  1,897,000  gallons  per  acre  daily,  or  a  rate  nearly 
twice  as  great  as  we  had  ever  before  attempted.  Through  this  filter 
the  sewage  flowed  in  a  continuous  stream,  and  by  experiment  it  was 
demonstrated  that  most  of  it  passed  from  the  top  to  the  bottom  of 
the  filter  in  less  than  11/^  hours.  The  rate  of  filtration  here  fol- 
lowed was  nearly  three  times  as  great  as  that  which  we  have  been 
able  to  maintain  with  the  contact  filters  and  achieve  good  results, 
and  from  twenty  to  one  hundred  times  as  great  as  with  intermittent 
sand  filters  receiving  untreated  sewage,  but  because  of  the  depth  of 
the  filter,  the  coarseness  of  the  filtering  material  and  the  method 
of  operation  followed,  this  filter  has  removed  during  its  period  of 
operation  85  per  cent,  of  the  organic  impurities  of  the  sewage 
applied  to  it  as  shown  by  the  determinations  of  albuminoid  am- 
monia, 73  per  cent,  as  shown  by  the  determinations  of  oxygen  con- 
sumed, and  95  per  cent,  of  the  bacteria.  The  free  ammonia  in  the 
effluent  has  always  been  low,  the  nitrates  high,  averaging  1.88  parts 
for  its  period  of  operation  here  described,  and  its  effluent  generally 
had  very  little  odor  and  a  considerable  percentage  of  free  oxygen 
(see  table  on  page  439). 

The  regular  station  sewage  was  applied  to  the  filter  without  any 
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preliminary  treatment.  This  sewage  we  class  as  stale  sewage ;  that 
is,  as  explained  in  the  last  report  of  the  Board,  it  is  sewage  of  such 
age  that  it  contains  no  free  oxygen,  but  the  anaerobic  action  has  not 
been  carried  so  far  as  in  septic  sewage,  and  consequently  the  organic 
matter  is  not  so  finely  divided  nor  in  a  condition  to  be  so  easily 
oxidized  as  in  septic  sewage.  In  this  filter  also  oxidation  was  de- 
pended upon  entirely  to  destroy  the  organic  matter,  there  being, 
owing  to  the  system  of  operation,  probably  no  period  of  the  day 
when  free  oxygen  was  not  present  in  the  open  space  of  the  filter, 
and  consequently  the  accumulation  of  carbonic  acid  and  marsh  gas 
and  the  encouragement  of  anaerobic  action  did  not  occur.  On  this 
account  it  might  reasonably  be  expected  that  in  the  course  of  time 
this  filter,  operating  at  so  high  a  rate,  would  become  clogged  by 
the  more  stable  bodies  in  the  sewage,  which  oxidation  could  not 
destroy  quite  as  fast  as  they  were  applied  in  the  sewage.  To  test 
this,  late  in  the  year  two  filters  of  a  similar  character  but  of  a  still 
greater  depth  were  put  in  operation,  — Filters  Nos.  135  and  136,  — 
one  to  receive  station  sewage  and  the  other  septic  sewage.  Filter 
No.  117  could  have  been  operated  at  an  equal  rate  as  a  contact 
filter.  Whether  as  good  results  could  have  been  obtained  is  not 
known  at  the  present  time,  but  will  be  determined  during  the 
coming  year. 

Effluent  oj  Filter  No.  117. 

[Parte  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 
Days  in  a 

Week. 

Temperatdre. 
Deg.  F. 

Appearance. 

Ammonia. 

6 
c 

o 

3.74 
6.55 
4.77 
8.43 
6.41 
5.71 
6.12 
5.96 

Nitrogen 

AS 

■6 

a 

3 

B 
O 
O 
C 

o 

1 

1899. 

03 

-J 

c 

3 
1 

•3 
3 

3 

H 

o 

1 

■a 
1 

3 
< 

1 

S 

4 

«  a 

Si  c 

So 

a 

May, 
June, 
July,       . 

August,. 
September, 
October, 
November, 

1,877,000 
1,992,000 
1,996,000 
1,852,000 
1,577,000 
1,896,000 
2,088,000 

58 
70 
73 
71 
66 
58 
48 

64 

69 
76 
72 
66 
58 
40 

Decided. 

Slight. 

Slight. 

Slight. 

Decided. 

Decided . 

Decided. 

.60 
.37 
.27 
.39 
.46 
.38 
.45 

0.1240 
0.7546 
0.4925 
0.9700 
0.7600 
0.8443 
1.1400 

.1320 
.0725 
.0807 
.0610 
.0987 
.0960 
.1330 

1.84 
1.16 
2.06 
3.92 
1.14 
1.30 
1.75 
1.88 

.8000 
.0200 
.0294 
.0085 
.0050 
.0038 
.0065 
.1247 

1.54 
0.64 
1.77 
0.58 
0.82 
0.91 
1.34 

98,500 
49,000 
58,800 

157,500 
93,000 

407,000 

Average, 

1,897,000 

63 

63 

- 

.42 

0.7265 

.0963 

1.09 

144,000 

Sevcage  applied,  100  gallons  per  day,  May  22  to  November  18.    Filter  not  operated  August  30  to  Sep- 
tember 5.    October  13,  surface  dug  over  to  a  depth  of  6  inches. 
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Filter  No.  134,  ^^^  of  an  Acre  in  Area. 
Filter  No.  134  is  constructed  of  broken  stone  of  the  same  grade 
as  that  in  Filter  No.  117,  but  is  only  5  feet  in  depth.  To  it  the 
effluent  from  the  upward  filtration  septic  tank  (see  page  426)  has 
been  applied  during  the  last  two  months  of  the  year,  and  the  rate 
of  filtration  has  been  approximately  1,000,000  gallons  per  acre 
daily.  Nitrification  started  during  the  second  month  of  operation, 
as  shown  by  the  following  average  analyses  :  — 

Effluent  of  Filler  No.  134. 

[Parts  per  100,000.] 


Ammonia. 

Chlorine. 

NiTBOGEN  AS 

Oxygen 
Consumed. 

Bacteria 

Free. 

Albuminoid. 

1 

Nitrates.     Nitrites. 

per  Cubic 
Centimeter. 

November, . 
December,  . 

3.92 

5.68 

.1760 
.1880 

7.91 
9.37 

.013 
.173 

.0050 
.0173 

1.79 
1.64 

531,500 
154,000 

Filters  JSTos.  135  and  136,  ^^^  of  an  Acre  in  Area. 
These  filters  contain  18  feet  in  depth  of  broken  stone  of  approxi- 
mately the  same  grade,  although  somewhat  finer,  as  the  stone 
used  in  Filter  -No.  117,  just  described.  The  sewage  is  applied  in 
practically  the  same  way  as  to  Filter  No.  117,  but  is  distributed 
more  evenly  over  the  surface  of  each  filter,  by  means  of  trays  and 
automatic  tipping  basins  that  flush  the  sewage  first  over  one  portion 
of  the  surface  of  the  filter  and  then  over  the  other.  To  one  of 
these  filters  —  Filter  No.  135  —  the  station  sewage  has  been  applied 
as  applied  to  Filter  No.  117,  and  to  the  other  —  Filter  No.  136  — 
sewage  which  had  been  twenty-four  hours  in  passing  through  a 
septic  tank;  the  idea  being  that  the  organic  matter  in  the  septic 
sewage  reaching  Filter  No.  136  would  be  in  a  condition  more 
easily  oxidized  by  the  air  always  present  in  the  interspace  of  this 
filter  than  would  the  organic  matter  in  the  ordinary  station  sewage 
applied  to  Filter  No.  135.  These  filters  were  put  in  operation  at 
an  approximate  rate  of  1,000,000  gallons  per  acre  daily.  At  the 
time  of  writing  they  have  been  in  operation  about  four  months,  and 
no  general  conclusions  can  as  yet  be  drawn  from  them.  Started  in 
a  colder  season  of  the  vear  than  Filter  No.  117,  nitrification  did  not 
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begin  as  quickly,  but  nitrates  began  to  appear  in  the  effluents  about 
three  weeks  after  they  were  started.  Determinations  of  dissolved 
oxygen  showed  that  it  was  always  present  in  the  effluents  during  the 
first  two  months,  in  amounts  equal  to  50  and  sometimes  even  75  per 
cent,  of  that  necessary  for  saturation.  The  surfaces  were  free  from 
clogging,  the  appearance  and  character  of  the  effluents  were  improv- 
ing and  both  filters  were  apparently  on  the  way  to  satisfactory  nitri- 
fication and  purification,  when  suddenly,  that  is,  within  a  period  of 
time  equal  to  but  a  day  or  two,  the  effluents  ceased  to  contain  any  dis- 
solved oxygen,  and  the  sewage  while  disappearing  from  the  surface 
fast  enough  to  prevent  an  entire  covering  of  the  surface  at  any  time, 
still  disappeared  more  slowly  than  had  been  the  case  previously. 
At  this  time  both  of  these  filters  were  in  a  like  condition,  together 
with  Filter  No.  134,  previously  described,  which  received  the  sew- 
age from  the  upward  filtration  septic  tank,  and  the  filtering  material 
was  clogged.  In  this  connection  it  is  important  to  note  that  the 
septic  sewage  applied  to  Filters  Nos.  134  and  136  was  in  both  in- 
stances almost  entirely  free  from  matters  in  suspension,  while  on 
the  other  hand  the  sewage  applied  to  Filter  No.  135  had  contained 
the  usual  amount  of  matters  in  suspension  that  we  always  find  in 
regular  station  sewage.  An  examination  of  all  three  filters  showed 
that  the  clogging,  which  extended  to  the  depth  of  a  number  of 
feet  and  perhaps  through  the  entire  depth  of  each  filter,  was  due 
to  a  quick  and  vigorous  growth  of  Beggiatoa,  with  some  slight 
amount  of  bacterial  jelly,  —  a  condition  very  diflferent  from  what 
formerly  occurred  in  Filters  Nos.  15 B  and  16 B,  at  times  of  clog- 
ging, already  referred  to  on  page  440 ;  that  is  to  say,  this  clogging 
was  not  caused,  in  two  of  the  filters  at  least,  by  matters  in  suspen- 
sion that  had  been  caught  by  the  filtering  material,  but  by  a  vigor- 
ous vegetable  growth,  and  this  lived  and  increased  upon  the  matters 
in  solution  in  the  sewage. 

At  this  time  the  operation  of  all  these  filters  was  interrupted,  and 
air  was  blown  through  them  from  below  for  two  hours  daily  for  a 
period  of  one  week,  and  to  them  was  applied  each  day  a  small  amount 
of  effluent  from  two  of  the  contact  filters  in  successful  operation  at 
the  station,  in  order  to  re-establish  nitrification.  Following  this 
treatment  of  Filters  Nos.  134,  135  and  136,  the  clogging  matter  dis- 
appeared as  rapidly  as  it  grew,  and  the  filters  were  again  put  into 
operation  in  the  same  manner  as  before  this  interruption,  but  at  a 
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lower  rate,  the  idea  being  to  increase  the  rate  daily,  through  a  period 
of  three  weeks,  until  it  had  attained  the  former  rate  of  1,000,000 
gallons  per  acre  daily.  The  filters  under  this  treatment  began 
to  nitrify,  and  are  now  in  successful  operation.  As  they  were  in 
operation,  however,  only  a  little  more  than  one  month  during  1899, 
tables  of  analyses  are  not  presented  here,  but  will  be  given  in  the 
next  annual  report  of  the  Board. 

Filter  JSfo.  131,  joooo  ^f  ^^  Ajcre  in  Area. 

This  filter  consists  of  six  separate  sections  or  filters,  one  above 
the  other,  and  each  section  contains  10  inches  in  depth  of  small 
pieces  of  coke  above  1  inch  of  coarser  coke,  the  coke  being  practi- 
cally the  same  size  as  that  in  Filter  No.  103  (see  page  427).  There 
is  a  space  of  4  inches  between  the  bottom  of  one  section  and  the  top 
of  the  next,  and  hence  the  sewage  becomes  more  or  less  aerated  as 
it  passes  from  section  to  section.  To  this  filter  sewage  has  been 
applied  at  an  average  rate  of  1,735,000  gallons  per  acre  daily  and 
the  manner  of  application  is  as  follows  :  — 

A  continuous  stream  of  sewage  flows  into  an  automatic  tipping 
basin,  which  empties  every  four  and  one-half  minutes,  flushing  the 
sewage  first  over  one  half  of  the  upper  section  of  the  filter  and  then 
over  the  other  half.  The  tables  of  analyses  of  the  sewage  applied 
to  and  the  effluent  from  this  filter  are  given  below,  together  with 
tables  showing  the  change  taking  place  in  the  sewage  as  it  passes 
through  the  successive  sections  of  the  filter.  Studying  the  tables, 
it  will  be  seen  that  there  is  a  ^reat  reduction  of  the  free  and  albu- 
minoid  ammonia  of  the  applied  sewage  not  accounted  for  by  the 
amount  of  nitrates  and  nitrites  present  in  the  efliuent,  suggesting  a 
large  percentage  of  loss  of  nitrogen ;  and  the  amount  of  chlorine 
increases  regularly  from  section  to  section,  due,  without  doubt, 
to  evaporation  of  the  sewage,  great  opportunity  for  which  is  oflfered 
by  the  method  of  construction  and  operation  of  this  filter.  The 
surface  material  in  each  section  has  needed  more  or  less  raking,  but 
this  has  been  caused  rather  more  by  a  vigorous  growth  of  Creno- 
thrix  upon  these  surfaces  than  to  clogging  by  organic  matter.  The 
efliuent  of  the  filter  has  been  practically  free  from  organic  matter  in 
suspension,  and  it  seems  probable  that,  where  a  small  volume  of 
sewage  must  be  treated  upon  a  limited  space,  this  method  might  be 
worked  with  more  or  less  success. 
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Effluent  of  Filter  No.  131. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 
Daily 
for  Six 
Days  in  a 
Week. 

Tempeeatdre. 
Deg.  F. 

Appearance. 

Ammonia. 

Nitrogen 
as 

.2 
S 

3 

1899. 

6 

60 

i 

El 

o 

M 

^ 

s 
a 

a 
< 

o 

s 

d 
%, 

S 

3 
S 

o 

B 

Si 
>. 

X 

o 

September,  . 

2,040,000 

66 

56 

V.  slight. 

.07 

2.6800 

.0360 

9.50 

0.00 

.0120 

0.34 

62,500 

October, 

2,052,000 

58 

57 

Great. 

.48 

2.8100 

.1200 

8.09 

0.06 

.0278 

0.92 

514,300 

November,   . 

1,315,000 

48 

48 

Great. 

.65 

1.7300 

.1127 

8.74 

1.30 

.0077 

0.96 

61,500 

December,    . 

1,532,000 

46 

43 

Great. 

.88 

4.0300 

.1580 

8.84 

0.61 

.0058 

1.58 

175,400 

Average, 

1,735,000 

55 

51 

- 

.52 

2.8100 

.1067 

8.79 

0.49 

.0133 

0.95 

203,400 

Filter  not  operated  November  19  to  November  25.  Surface  of  each  of  the  five  pans  raked  1  inch 
November  15;  surface  of  top  pan  raked  1  inch  December  7  and  December  13;  surface  of  two  upper 
pans  raked  1  inch  December  19;  surface  of  bottom  pan  raked  1  inch  December  21. 


Result  of  the  Analyses  of  a  Series  of  Samples  collected  Noveviber  8  and  December 
7  from  the  Various  Sectiojis  of  Filter  No.  131. 

November  8. 
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Straining  Sewage  through  Coke. 

Results  in  Regard  to  Percentage  Removal  of  Organic  Matter, 
together  with  the  Volume  of  Coke  used  per  Million  Gallons 
of  Seivage  strained. 

During  1894  various  experiments  were  made  to  find  the  most 
suitable  material  that  could  be  used  as  a  strainer  of  sewage ;  that 
is,  to  simply  remove  from  the  sewage  the  matters  in  suspension 
without  purification  by  nitrification,  and  with  a  removal  from  the 
strainer  from  time  to  time  of  the  straining  material  used,  and  which 
had  become  clogged  and  exhausted,  together  with  the  matters  strained 
or  removed  from  the  sewage.  It  was  desired  to  make  a  comparison 
of  the  results  obtained  by  straining  sewage  with  the  results  obtained 
by  sedimentation  or  chemical  precipitation. 

At  this  time  the  investigation  seemed  to  show  that  coke  was  the 
most  practical  and  effective  material  for  the  purpose,  and  a  coke 
strainer  was  put  in  operation  at  the  station,  and  sewage  applied  to 
it  at  the  rate  of  1,000,000  gallons  per  acre  daily.  This  strainer 
contained  at  first  6  inches  in  depth  of  coke  breeze,  and  the  results 
obtained  with  it  during  the  first  year  of  its  operation,  in  regard  to 
the  amount  of  organic  matter  removed  from  the  sewage  and  the 
amount  of  coke  used  per  1,000,000  gallons  of  sewage  strained,  were 
given  in  the  report  of  the  Board  for  1894.  Approximately  48  per 
cent,  of  the  organic  matters  were  removed  from  the  sewage  during 
that  year,  while  straining  at  the  rate  given,  with  an  expenditure  of 
about  10  cubic  yards  of  coke  breeze  per  1,000,000  gallons  of  sewage 
strained. 

On  Nov.  26,  1895,  the  strainer  ^v-^s  rebuilt  with  coke  breeze  of 
the  character  previously  used,  and  from  that  date  until  the  last  of 
September,  1898,  a  period  of  approximately  three  years,  it  was 
kept  in  operation  at  the  rate  given  above.  The  depth  of  coke  in 
the  strainer  varied  at  different  times  from  12  inches  to  about  3 
inches.  Whenever  the  shallower  depth  was  reached,  caused  by  re- 
moving clogged  coke,  all  the  coke  remaining  in  the  strainer  was 
taken  out,  fresh  coke  filled  in  to  the  depth  of  6  or  9  inches, 
and  the  3  inches  of  old  coke  placed  upon  the  top  of  the  new  coke. 
From  Sept.  26,  1895,  to  Sept.  12,  1898,  a  volume  of  sewage  equal 
to  1,180,000,000  gallons  upon  a  surface  of  1  acre  had  passed  through 
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this  strainer,  and  72  inches  in  depth  of  clogged  coke  had  been  re- 
moved; that  is,  1  inch  in  depth  of  coke  for  every  16,400,000  gal- 
lons of  sewage  strained  per  acre,  or  8  cubic  yards  of  coke  per 
1,000,000  gallons  of  sewage  strained.  During  this  period  coke 
had  been  removed  on  a  number  of  occasions  when  subsequent  in- 
vestigation proved  that  the  cause  of  clogging  and  the  slow  flow  of 
sewage  through  the  strainer  was  the  accumulation  of  fine  coke  dust 
in  the  underdrains  of  the  strainer,  rather  than  the  accumulation  of 
organic  matter  in  the  surface  coke.  If  the  coke  removed  on  this 
account  could  be  ascertained  and  subtracted  from  the  amount  given, 
the  amount  used  per  1,000,000  gallons  of  sewage  strained  would  be 
somewhat  less,  but  the  decrease  would  probably  not  be  more  than  5 
per  cent.  In  beginning  this  investigation  it  was  considered  that  the 
coke  used  and  removed  from  the  strainer  would,  when  dried  out  to 
some  degree,  be  as  valuable  for  purposes  of  combustion  as  before 
use,  and  this  was  found  to  be  true. 

All  the  coke  used  during  the  period  from  the  date  of  starting  the 
strainer  until  Oct.  1,  1898,  was  coke  breeze,  containing  a  mixture 
of  pieces  of  coke  of  various  sizes,  together  with  coke  dust.  Upon 
this  latter  date,  however,  the  strainer  was  again  rebuilt,  and  was  so 
arranged  as  to  contain  15  inches  in  depth  of  small  pieces  of  coke  of 
the  same  grade  as  that  in  Filter  No.  103  (see  page  427),  free  from 
coke  dust.  Since  that  date  until  Jan.  1,  1899,  sewage  equal  in  vol- 
ume to  400,000,000  gallons  upon  an  acre  has  been  passed  throuo-h 
the  strainer  without  clogging  it,  and  hence  without  the  removal  of 
any  coke. 

The  percentage  removal  of  organic  matter  obtained  during  these 
years  has  been  as  follows  :  during  1895,  54  per  cent,  of  the  organic 
matter  as  represented  by  the  albuminoid  ammonia  and  35  per  cent, 
as  represented  by  the  oxygen  consumed;  during  1896,  47  per  cent, 
and  49  per  cent,  respectively;  during  1897,  62  per  cent,  and  50 
per  cent.  ;  during  1898  up  to  October  1,  52  per  cent,  and  53  per 
cent.  During  the  remainder  of  1898  —  that  is,  after  rebuilding 
the  strainer  with  coarser  coke  —  the  percentage  removal  was  32 
per  cent,  and  37  per  cent,  respectively,  and  during  1899  45  per 
cent,  and  38  per  cent.  For  some  weeks  during  the  last  part  of 
1898  the  sewage  was  applied  to  the  strainer  at  a  rate  of  2,000,000 
gallons  per  acre  daily,  and  this  accounts  in  part  for  the  smaller 
percentage  of  organic  matter  removed  during  these  months   than 
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during  1899,  when  the  rate  was  again  1,000,000  gallons  per  acre 
daily. 

With  the  strainer  of  fine  coke  the  surface  was  usually  covered 
about  twelve  to  fifteen  hours  per  day  when  in  good  operation,  and 
as  the  surface  gradually  clogged,  this  period  increased  until  the 
maximum  of  twenty-four  hours  per  day  was  reached,  when  the  sur- 
face of  the  strainer  was  scraped.  With  the  new  strainer  of  coarser 
coke  the  surface  is  seldom  covered  more  than  four  or  five  hours  per 
day. 

Filter  JSfo.  14  A,  j^^  of  an  Acre  in  Area. 
A  portion  of  the  strained  sewage  during  all  these  years  has  been 
applied  to  Filter  No.  14  A,  and  exceedingly  good  purification  has 
been  obtained.  This  filter  was  in  good  condition  and  disposing 
of  the  strained  sewage  readily  until  the  change  in  the  character  of 
the  coke  in  the  strainer,  its  rate  of  filtration  being  approximately 
320,000  gallons  per  acre  daily  up  to  this  time.  With  the  poorer 
removal  of  organic  matter  by  the  strainer,  however,  the  surface  sand 
of  the  filter  became  clogged,  and  the  rate  of  filtration  had  to  be 
reduced  to  160,000  gallons  per  acre  daily.  The  surface  layers  be- 
came more  badly  clogged  during  the  year  1899,  moreover,  and  the 
filter  was  put  out  of  operation  at  the  end  of  the  year.  For  four  and 
one-half  years  this  filter,  receiving  sewage  freed  of  organic  matter 
to  the  extent  denoted  by  the  figures  previously  given,  was  able  to 
continue  in  operation  at  the  rate  of  approximately  320,000  gallons 
per  acre  daily  without  serious  surface  clogging,  and  produce  a  very 
well  purified  elfiuent,  as  shown  by  the  tables  of  analyses  given  in 
previous  reports.  With  the  amount  of  organic  matter  stored  in  the 
upper  foot  of  the  filter  during  this  period,  however,  increased 
greatly  by  the  sewage  applied  during  the  poor  operation  of  the 
strainer  in  1898  when  its  rate  was  doubled,  the  upper  foot  of  filter- 
ing material  became  badly  clogged.  The  lower  4  feet  in  depth  of 
sand  in  the  filter  were  in  good  condition,  however,  and  capable  of 
being  kept  in  use  for  many  years  longer. 
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Average  Analyses  of  Sewage  applied  to  the  Coke  Sti'ainer,  1899- 

[Parts  per  100,000.] 
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Albuminoid  Ammonia. 
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1S99. 
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1  0 

Si  g 
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January, 

45 

2.30 

0.44 

.29 

.15 

4.49 

2.90 

1,722,000 

February, 

45 

1.89 

0.37 

.24 

.13 

4.41 

2.73 

1,375,000 

March, 

47 

1.36 

0.30 

.22 

.08 

3.19 

2.57 

743,000 

April,   . 

47 

2.18 

0.41 

.24 

.17 

4.41 

2.97 

1,613,000 

May,     . 

56 

2.54 

0.36 

.20 

.16 

6.55 

2.47 

5,605,000 

June,    . 

70 

1.91 

0.30 

.13 

.17 

6.45 

2.70 

1,155,000 

July,     . 

73 

2.75 

0.38 

.18 

.20 

7.21 

2.75 

610,000 

August, 

71 

2.18 

0.23 

.10 

.13 

4.68 

1.74 

553,000 

September, 

65 

4.30 

0.62 

.31 

.31 

10.21 

4.27 

1,803,000 

October, 

55 

3.17 

0.41 

.21 

.20 

5.55 

3.17 

1,644,000 

November, 

45 

4.33 

0.97 

.30 

.67 

6.51 

6.67 

2,953,000 

December, 

44 

5.13 

1.05 

.44 

.61 

7.70 

7.13 

4,160,000 

Average 

55 

2.84 

0.49 

.24 

.25 

5.95 

3.51 

1,994,700 

Sewage  strained  through  Coke. 

[Parts  per  100,000.] 
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4.46 
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February,  . 

1.68 

.26 

.21 

.05 

4.68 

2.05 

.S93,000 

March, 

1.29 

.23 

.18 

.05 

3.59 

1.83 

270,000 

April,. 

1.78 

.29 

.22 

.07 

4.78 

2.00 

276,500 

May,    . 

1.60 

.25 

.18 

.07 

6.10 

1.37 

367,500 

June,  . 

0.89 

.16 

.08 

.08 

4.05 

1.10 

236,000 

July,   .       .        . 

1.53 

.17 

.12 

.05 

5.58 

1.18 

239,600 

August, 

1.37 

.13 

.10 

.03 

5.72 

1.00 

189,700 

September, 

2.80 

.39 

.25 

.14 

11.18 

2.83 

1,668,000 

October,      . 

1.77 

.24 

.16 

.08 

5.64 

1.96 

409,600 

November, 

2.93 

.46 

.30 

.16 

6.79 

3.86 

818,000 

December,  . 

4.50 

.51 

.37 

.14 

7.65 

4.60 

806,000 

Average, 

2.00 

.29 

.21 

.08 

5.84 

2.17 

506,700 
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Effluent  of  Filter  No.  14  A. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 
Daily 
for  Six 
Days  in  a 
Week. 

Tempera- 
tube. 
Deg.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 
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60 
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January,     . 

160,000 

49 

47 

Ih.  34m. 

None. 

.22 

0.0023 

.0229 

4.37 

1.38 

.0000 

0.32 

284 

February,  . 

160,000 

49 

46 

Ih.  34m. 

None. 

.19 

0.0020 

.0187 

4.77 

1.56 

.0000 

0.27 

1,639 

March, 

160,000 

49 

47 

2h.  10m. 

None. 

.17 

0.0012 

.0172 

4.59 

1.41 

.0000 

0.23 

2,067 

April,. 

83,200 

57 

51 

Ih.  18m. 

None. 

.11 

0.0012 

.0168 

7.98 

1.76 

.0000 

0.21 

309 

May,    . 

142,200 

63 

56 

46m. 

None. 

.13 
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6.65 

2.51 
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0.22 

4,554 

June,  . 
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76 

72 

49m. 

None. 

.16 
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.0174 

6.13 

2.03 

.0000 

0.22 

1,246 

July,   . 

160,000 

78 

71 

54m. 

None. 

.09 

0.0007 

.0137 

5.02 

1.88 

.0000 

0.20 

27 

August, 

148,100 

75 

70 

Ih.  12m. 

None, 

.09 

0.0014 

.0118 

7.00 

3.63 

.0000 

0.17 

111 

September, 

135,400 

68 

66 

Ih.    Im. 

None. 

.08 

0.0015 

.0139 

9.91 

2.16 

.0000 

0.19 

133 

October, 

160,000 

60 

59 

2h.  13m. 

None. 

.10 

0.0007 

.0124 

11.15 

1.98 

.0000 

0.17 

45 

November,. 

123,100 

50 

46 

Ih.    8m. 

None. 

.10 

0.0684 

•0193 

8.64 

3.13 

.0015 

0.20 

136 

December, . 

160,000 

48 

48 

4h.  15m. 

None. 

.22 

2.0000 

.1120 

9.83 

1.07 

.0025 

1.69 

309 

Average, 

146,000 

60 

57 

Ih.  35m. 

None. 

.14 

0.1735 

.0245 

7.17 

2.04 

.0003 

0.34 

905 

Four  gallons  of  sewage,  strained  through  coke,  applied  twenty-four  times  a  week.  No  sewage  ap- 
plied August  30  to  September  5.  April  16  to  May  4,  experiment  interrupted  by  freshet.  Surface  raked 
3  inches  deep  twice  each  week. 

The  stopping  of  Filter  No.  14  A  concluded  a  series  of  experi- 
ments upon  high  rates  of  filtration  of  sewage  through  fine  sand  of 
an  effective  size  of  0.19  millimeter  after  partial  purification  of  regu- 
lar station  sewage  by  four  different  methods  :  (1)  coarse  filters  of 
gravel  aerated;  (2)  sedimentation;  (3)  chemical  precipitation; 
(4)  straining  through  coke.  Briefly  reviewing  the  results  obtained, 
as  given  in  this  and  previous  reports,  we  find  the  following :  — 

The  coarse  filters  of  gravel,  with  currents  of  air  drawn  or  forced 
through  them,  were  operated  at  the  rate  of  approximately  500,000 
gallons  per  acre  daily  during  a  period  of  five  years,  and  produced 
efiiuents  with  nitrification  well  started;  but  these  filters,  on  account 
of  continual  clogging  from  reasons  not  then  thoroughly  understood 
but  now  ascertained  and  outlined  on  page  441,  were  not  considered 
to  be  a  practical  success,  because  of  the  necessity  of  removing  the 
filtering  material  from  time  to  time  and  washing  it.  Aerating  these 
filters  appeared  also  to  be  too  expensive  for  economical  application 
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upon  a  large  scale.  The  effluents  of  the  filters,  however,  contain- 
ing free  oxygen  and  with  oxidation  well  under  way,  could  be  and 
were  purified  for  more  than  five  years  by  filtration  through  sand  of 
an  efiective  size  of  0.19  millimeter,  at  an  approximate  rate  for  the 
whole  period  of  625,000  gallons  per  acre  daily.  An  examination 
of  the  notes  upon  the  daily  operation  of  this  filter, — Filter  No. 
12  A,  —  as  given  in  the  reports  of  the  Board  for  its  years  of  opera- 
tion, shows  the  great  attention  that  had  to  be  given  to  the  upper 
layers  of  it ;  frequent  raking,  spading  and  even  removing  and  wash- 
ing the  surface  sand  being  necessary  to  keep  the  filter  in  successful 
operation.  The  organic  matter  in  suspension  in  the  sewage  was  not 
at  all  thoroughly  destroyed  by  the  aerated  filters,  and  that  passing 
from  the  outlets  of  these  filters  and  going  upon  the  surface  of  the 
fine  filter  was  undergoing  slow  oxidation,  and  hence  accumulated  in 
and  clogged  the  surface  of  tlie  filter  of  fine  sand.  The  main  body 
of  the  filter,  however,  was  always  in  good  condition,  and  at  the  end 
of  the  period  of  operation  was  fit  for  an  indefinite  number  of  years' 
use.  The  highest  average  rate  of  filtration  obtained  by  this  com- 
bination of  Filters  Nos.  15  B,  16  B  and  12  A,  taking  into  consider- 
ation the  combined  areas,  was  248,300  gallons  per  acre  daily  and 
for  the  year  1893.  During  the  period  of  operation  of  Filter  No. 
12  A,  a  volume  of  partially  purified  sewage  equal  to  996,280,000 
gallons  upon  an  acre  was  applied  to  it. 

The  sewage  partially  clarified  by  sedimentation  was  applied  to 
Filter  No.  13  A  from  Sept.  20,  1893,  to  March  1,  1898,  at  an  aver- 
age rate  for  most  of  this  period  of  160,000  gallons  per  acre  daily; 
and  the  sewage  partially  purified  by  chemical  precipitation  was  ap- 
plied to  Filter  No.  19  A  from  Sept.  20,  1893,  to  Jan.  1,  1898,  at  an 
average  rate  for  most  of  this  period  of  200,000  gallons  per  acre 
daily.  At  the  end  of  the  period  these  two  filters  were,  with  the 
exception  of  some  clogging  in  the  upper  few  inches  of  material,  in 
good  condition,  and  capable  of  being  continued  in  operation  for  an 
indefinite  period;  Filter  No.  13  A  having  filtered  a  volume  of  par- 
tially purified  sewage  equal  to  241,400,000  gallons  upon  an  acre 
and  Filter  No.  19  having  filtered  a  volume  of  sewage  equal  to 
328,980,000  gallons  upon  an  acre. 

Filter  No.  14  A  had  filtered  at  the  end  of  its  period  of  operation 
a  volume  of  sewage  equal  to  456,340,000  gallons  upon  an  acre. 
The  surface  sand  was,  as  stated,  badly  clogged  with  organic  matter 
and  some  fine  coke  dust  at  this  time,  and,  in  order  to  have  kept  it  in 


460 


STATE   BOARD   OF   HEALTH.  [Pub.  Doc. 


operation  at  a  high  rate,  about  7  inches  in  depth  of  sand  would  have 
had  to  be  removed,  or  the  filter  given  a  long  period  of  rest.  As- 
suming that  this  was  removed  and  the  filter  continued  in  operation, 
it  would  have  meant  a  removal  of  about  23/^  cubic  yards  of  sand  per 
1,000,000  gallons  of  strained  sewage  filtered  during  its  period  of 
operation. 

Straining  Sewage  through  Bituminous  Coal. 
During  1899  the  coal  strainer,  containing  a  layer  of  fine  bitumi- 
nous coal  varying  in  thickness  from  2  to  8  inches  during  diflerent 
portions  of  the  year,  has  been  continued  in  operation.  The  rate  of 
straining  has  been  1,000,000  gallons  per  acre  daily,  with  the 
results  shown  by  the  following  table,  the  sewage  applied  being 
represented  by  the  table  on  page  457,  giving  analyses  of  the  sew- 
age applied  to  the  coke  strainer.  Comparing  the  tables,  we  find 
that  the  strainer  has  removed  during  the  year  57  per  cent,  of  the 
organic  matter  of  the  sewage  as  represented  by  the  albuminoid 
ammonia,  and  36  per  cent,  of  that  represented  by  the  oxygen  con- 
sumed. From  the  date  of  starting  this  strainer,  Sept.  16,  1898,  up 
to  the  end  of  December,  1899,  8  inches  in  depth  of  coal  had  become 
clogged  and  removed,  equal  to  2.8  cubic  yards  per  1,000,000  gal- 
lons of  sewage  strained. 

Effluent  of  the  Coal  Strainer. 

[Parts  per  100,000.] 
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1.69 
2.35 
2.60 
1.80 
2.41 
2.42 
4.27 
2.93 
4.60 
4.40 

.32 
.37 
.25 
.33 
.28 
.14 
.16 
.15 
.53 
.28 
.52 
.46 

.25 
.25 
.22 
.22 
.21 
.12 
.13 
.12 
.27 
.19 
.30 
.25 

.07 
.12 
.03 
.11 
.07 
.02 
.03 
.03 
.26 
.09 
.22 
.21 

4.51 
4.51 
3.49 
4.62 
5.62 
5.88 
5.69 
5.67 
11.53 
5.15 
6.80 
7.68 

2.13 
2.48 
1.84 
2.11 
1.50 
1.13 
1.06 
1.14 
3.34 
2.32 
4.21 
3.50 

475,000 
595,000 
462,000 

1,170,000 
559,500 
349,400 
235,500 
243,000 

1,183,000 
423,100 
992,000 
816,000 

Average, 

2.81 

.32 

.21 

.11 

5.93 

2.23 

625,300 

At  the  beo-innino;  of  October  the  efiiuent  of  this  coal  strainer 
began  to  be  applied  to  contact  Filter  No.  108,  containing  2  feet  in 
depth  of  coke,  at  the  rate  and  with  the  results  shown  by  the  follow- 
ing table  :  — 
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Effluent  of  Filter  No.  108. 

[Parts  per  ioO.OOO.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 

Daily 

for  Six 
Days  in  a 
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Temperature. 
Dbg.  F. 

Appearance. 
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October, 

330,000 

60 

59 

Decided. 

.49 

1.2400 

.1133 

7.12 

1.58 

.0070 

0.88 

141,200 

November,     . 

253,900 

50 

52 

Great. 

.60 

1.0200 

.0920 

7.38 

1.45 

.0020 

0.90 

61,500 

December,     . 

330,000 

48 

46 

Great. 

.93 

1.9800 

.1950 

8.31 

7.60 

1 

1.82 

.0045 
.0045 

1.58 

304,500 

Average, 

304,600 

53 

52 

- 

.67 

1.4133 

.1334 

1.62 

1.12 

169,100 

October  2  to  December  31,  filter  received  10  gallons  effluent  of  coal  strainer  twelve  times  a  week; 
filter  allowed  to  stand  covered  three  hours,  and  then  allowed  to  drain  slowly.  Filter  not  operated 
November  20  to  November  25. 


Application    to    Filters    of    Differing   Volumes    of    Sewage 

CONTAINING    EqUAL    AmOUNTS    OF    ORGANIC    MaTTER. 

Filters  JSFos.  128,  129  and  130,  ^^^^  of  an  Acre  in  Area. 
The  volume  of  sewage  that  can  in  intermittent  sand  filtration  be 
applied  to  a  filter  with  satisfactory  purification  results  must  vary 
with  the  deoTee  of  concentration  of  the  sewao;e.  A  town  having;  a 
weak  sewage,  owing  to  the  extravagant  use  of  its  public  water  sup- 
ply or  to  a  large  percentage  of  ground  and  surface  water  entering 
the  sewers,  should  be  able  to  purify  this  sewage  at  a  greater  rate  per 
acre  of  filter  beds  than  a  town  havino^  a  smaller  volume  of  strono-er 
sewage  to  purify.  To  illustrate  this,  Filters  Nos.  128,  129  and 
130  were  put  into  operation  during  the  year.  These  filters  each 
contain  5  feet  in  depth  of  sand  of  an  efiective  size  of  0.26  milli- 
meter. To  Filter  No.  128  station  sewage  has  been  applied  at  an 
average  rate  of  89,800  gallons  per  acre  daily;  to  Filter  No.  129, 
the  same  volume  of  sewage  plus  an  equal  volume  of  river  water, 
and  the  average  rate  has  been  179,600  gallons  per  acre  daily;  to 
Filter  No.  130,  an  equal  volume  of  sewage  plus  twice  as  much  river 
water,  making  the  average  rate  269,500  gallons  per  acre  daily.  By 
this  method  of  operation  the  sewage  applied  to  Filters  Nos.  129 
and  130  has  generally  contained  some  dissolved  oxygen,  but  not  a 
greater  amount  than  would  probably  be  often  found  in  actual  prac- 
tice, when  sewage  diluted  by  a  large  volume  of  ground  and  surface 
water  leaking  or  wasting  into  the  sewers  is  applied  to  an  area. 
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It  will  be  noticed,  from  a  study  of  the  tables  following,  showing 
the  average  analyses  of  the  effluents  of  these  three  filters,  that  in 
each  case  a  satisfactory  effluent  was  obtained,  and  the  large  volume 
of  sewage  applied  to  Filter  No.  130  disappeared  from  the  surface 
of  the  filter  as  rapidly  as  the  smaller  volume  applied  to  Filter  No. 
128,  the  reason  being  that  there  was  practically  an  equal  amount  of 
matter  in  suspension  in  the  unequal  volumes  of  sewage  applied. 

Effluent  of  Filter  No.  128. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 
Daily 
for  Six 
Days  In  a 
Week. 

Tempeba- 

TDRB. 

Deg.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appeabance. 

Ammonia. 

c 

s 

o 

Nitrogen 

AS 

1 

3 
O 

o 
a 
8i 

!^ 

o 

S 

3 

is 

3 
a 

o 
o 
Q 

i 

o 

B 

a 

3 
< 

1 

g 

. 

1899. 

03 
't 

m 

3 

11 

a 

August, 
September, 
October,     . 
November, . 
December, . 

87,500 
84,600 

100,000 
77,000 

100,000 

71 

66 
58 
48 
46 

70 
66 
57 
53 

48 

8m. 
12m. 
10m. 
32m. 

v.  slight. 
None. 
None. 
None. 
V.  slight. 

.15 
.11 
.12 
.10 
.18 

.0574 
.0101 
.0087 
.0305 
.4500 

.0212 
.0145 
.0136 
.0152 

.0290 

6.26 
12.19 
8.39 
7.64 
9.27 

2.86 
4.05 
2.81 
3.84 
3.48 

.0405 
.0029 
.0070 
.0075 
.0420 

.28 
.22 
.20 
.21 
.44 

8,800 
9,400 
8,400 
6,200 
35,600 

Average, 

89,800 

58 

59 

16m. 

- 

.13 

.1113 

.0207 

8.73 

1 

3.41 

.0200 

.27 

13,700 

Five  gallons  of  regular  sewage  applied  six  times  a  week,  August  14  to  December  31.  Surface  raked 
3  inches  deep  once  each  week.  Filter  not  operated  August  30  to  September  5  and  November  20  to 
November  25. 


Effluent  of  Filler  No.  129. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied 

Gallons 
per  Acre 
Daily 
for  Six 
Days  in  a 
Week. 

Tempeba- 
thre. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appeaeance. 

Ammonia. 

c 
o 
g 

Nitrogen 

AS 

a 

a 

c 
o 
O 

c 

O 

o 

3 

3 

H 

o 
o 

fa 

•d 
o 
c 

a 

3 

< 

1 

g 

1899. 

61) 
03 

3 

■si 

®  a 

August, 
September, 
October, 
November,. 
December, . 

175,000 
169,200 
200,000 
154,000 
200,000 

73 

67 
58 
44 
39 
56 

69 
65 
55 
52 
48 
58 

13m. 
11m. 
11m. 
34m. 

V.  slight. 
V.  slight. 
Slight. 
V.  slight. 
V.  slight. 

.17 
.15 
.13 
.11 
.15 

.0407 
.0040 
.0028 
.0023 
.1607 

.0175 
.0157 
.0157 
.0193 
.0281 

2.69 
4.93 
3.81 
3.71 
4.93 

2.85 
0.97 
1.44 
1.37 
2.28 

.0080 
.0030 
.0008 
.0008 
.0090 

.24 
.27 
.19 

.25 
.27 

11,200 
13,700 
12,200 
7,700 
10,450 

Average, 

179,600 

17m. 

- 

.14 

.0421 

.0193 

3.99 

1.78 

.0043 

.24 

11,050 

Sewage  applied,  5  gallons  regular  sewage  and  5  gallons  of  canal  water  six  times  a  week,  August  14 
to  December  31.  Surface  raked  3  inches  deep  once  each  week.  Filter  not  operated  August  30  to  Sep- 
tember 5  and  November  20  to  November  25. 
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Effluent  of  Filter  No.  130. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 

Days  in  a 

Week. 

Tempera- 

TOBE. 

Length  of 

Time 

Sewage 

Kemained 

on 
Surface. 

Hours  and 
Minutes. 

Appbarancb. 

Ammonia. 

B 

o 
J3 
Q 

Nitrogen 

AS 

i 
a 

a 
a 

8 

c 

Si 

M 

o 

o 

'S 

3 

o 

is 

3 

Eh 

o 

8 

a 

a 

3 

1 

2 

1 

1S99. 

bo 

CO 

s 
a 

II 

August, 
September, 
October,      . 
November, . 
December, . 

262,500 
253,800 
300,000 
231,000 
300,000 

73 
67 
58 
44 
39 

69 
65 
54 
51 
47 
57 

14m. 
10m. 
11m. 
31m. 

Slight. 
V.  slight. 
Slight. 
V.  slight. 
V.  slight. 

.16 
.14 
.14 
.13 
.15 

.0182 
.0029 
.0012 
.0035 
.0567 

.0163 
.0147 
.0169 
.0169 
.0217 

2.78 
3.36 
2.54 
2.59 
3.44 
2.94 

0.51 
0.44 
0.89 
0.69 
1.06 

.0067 
.0041 
.0080 
.0013 
.0115 

.27 
.23 
.23 
.24 
.29 

17,800 
19,500 
10,500 
] 9,400 
17,700 

Average, 

269,500 

56 

17m. 

- 

.14 

.0165 

.0173 

0.72 

.0063 

.25 

17,000 

Sewage  applied,  5  gallons  regular  sewage  and  10  gallons  of  canal  water  six  times  a  week,  August  14 
to  December  31.  Surface  raked  3  inches  deep  once  each  week.  Filter  not  operated  August  30  to  Sep- 
tember 5  and  November  20  to  November  25. 

Purification  of  Wool  Liquor. 
Filters  JSTos.  70  and  112. 

Filter  No.  70,  containing  4^/2  feet  in  depth  of  sand  of  an  etfec- 
tive  size  of  0.23  millimeter,  was  put  in  operation  in  June,  1896. 
The  liquor  applied  to  it  was  a  mixture  of  station  sewage  and  scour- 
ing and  rinse  liquor  from  a  wool-washing  establishment.  A  de- 
scription of  the  operation  of  this  filter  and  the  results  from  it  to 
Jan.  1,  1899,  are  given  in  the  last  report.  Beginning  in  Septem- 
ber, 1898,  the  wool  liquor  which  was  mixed  with  the  sewage  ap- 
plied was  obtained  from  the  Bigelow  Carpet  Mills  in  Clinton,  as  it 
was  evident  that  this  liquor  would  have  to  be  disposed  of  upon  the 
filtration  area  of  the  Clinton  sewerage  system,  and  has  been  so  dis- 
posed of  since  October,  1899. 

The  liquor  forwarded  to  the  experiment  station  has  been  collected 
from  the  outlet  of  a  settling  tank  at  the  mill,  in  which  considerable 
sedimentation  takes  place,  but  the  sediment  in  the  liquor  as  it  reaches 
the  station  amounts  to  from  1  to  3  per  cent,  of  its  volume.  From 
60  to  90  per  cent,  of  this  sediment  is  very  fine  sand  or  mineral 
matter  and  the  remainder  organic  matter,  the  proportion  varying 
from  time  to  time.  The  efiective  size  of  the  fine  sand  in  the  sedi- 
ment is  0.02  millimeter,  and  96  per  cent,  of  it  by  weight  is  finer 
than  0.08  millimeter.    The  mixture  of  organic  matter  present  makes 
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it  appear  to  be  still  finer,  and,  when  applied  to  sand  filters,  their 
surfaces  are  quickly  clogged.  This  liquor  has  been  mixed  with 
station  sewage  in  the  proportion  of  one  part  wool  liquor  to  eleven 
parts  sewage,  and  the  following  tables  give  the  character  of  the 
waste  as  received  from  the  mills  and  of  the  sewage  applied  to  and 
the  efiluent  from  Filter  No.  70  :  — 

Waste  Liquor  from  Bigelow  Carpet  Mills. 

[Parts  per  100,000.] 


Appearance. 

Ammonia. 

j 

c 
3 

NiTBOGEN   AS 

.   a 

s 

c 
o 

CO 

1 

o 

o 

>> 

s 
H 

o 

o 

6 

ALBDMINOID. 

1 
03 

g 

"ii 

1899. 

1 

,  c 
3  2 
o  ■^ 

GO 

e 

M 

a 
1  o 

11 

C  P. 

So 

January, 

Great. 

Brown. 

8.03 

7.54 

3.38 

4.16 

15.52 

.121 

.0000 

I    86.30 
\    56.80 

(   - 

February,     . 

Great. 

Brown. 

5.25 

7.45 

3.70 

3.75 

13.71 

.097 

.0025 

(    90.00 
(    60.00 

March,  . 

Great. 

Brown. 

11.40 

8.30 

3.72 

4.58 

19.18 

.084 

.0000 

I  102.00 
(    63.60 

j       - 

April,   . 

Great. 

Brown. 

4.30 

6.90 

3.74 

3.16 

12.09 

.115 

.0000 

S    75.50 
1    58.80 

j       - 

May,     . 

Great. 

Brown. 

6.10 

5.38 

2.31 

3.07 

10.64 

.094 

.0000 

(    57.62 
\    38.79 

1  1,510,000 

June,     . 

Great. 

Brown. 

6.50 

6.80 

2.84 

3.96 

16.20 

- 

.0000 

\  101.00 
\    70.00 

1       70,000 

July,     . 

Great. 

Brown. 

5.50 

3.80 

2.40 

1.40 

10.78 

.042 

.0000 

I    57.00 
\    45.20 

j 

August, 

Great. 

Brown. 

6.65 

3.25 

1.50 

1.75 

9.60 

.100 

.0000 

(    46.00 
1    34.40 

j  2,155,000 

October, 

Great. 

Brown. 

8.65 

7.10 

3.28 

3.82 

15.75 

.133 

.0000 

(    88.00 
)    .56.13 

1  1,150,000 

Novenaber,  . 

Great. 

Brown. 

4.00 

8.50 

4.24 

4.26 

13.45 

.100 

.0000 

(    85.00 
(    66.60 

1  1,975,000 

December,    . 

Great. 

Brown. 

1.85 

7.80 

2.32 

5.48 

7.05 

.100 

.0000 

(    80.50 
/    43.60 

',10,075,000 

Average, 

7 

- 

6.20 

6.62 

3.04 

3.58 

13.09 

.099 

.0002 

(    79.00 
I    53.10 

1  2,812,500 

*  Total  and  in  solution. 

Sewage  applied  to  Filter  No.  70. 

[Parts  per  100,000] 


January,    . 
February, . 
March, 
April, 
May,  . 
June, 
July,  . 
August, 
September, 
October,     . 
November, 
December, 


Average, 


3.33 
2.69 
3.12 
3.07 
2.51 
2.43 
3.35 
3.98 
3.88 
4.40 
5.26 


3.41 


1.11 
1.09 
0.80 
1.30 
1.31 
0.67 
0.70 
0.67 
0.80 
1.34 
1.52 
1.32 

1.05 


Chlorine. 


6.93 
7.71 
6.80 
7.69 
8.17 
9.14 
7.36 
7.62 

10.36 
8.80 
9.83 

10.16 


Oxyg-en 
Consumed. 


13.13 

13.50 

10.25 

13.23 

7.57 

7.35 

7.16 

6.85 

7.25 

11.74 

13.70 

12.26 

10.33 
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Effluent  of  Filter  No.  70. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 
Daily 
for  Six 
Days  in  a 
Week. 

Temperature. 
Deg.  F. 

Appearance. 

Ammonia. 

Nitrogen 

AS 

•6 

5 

3 

o 

1S99. 

bo 

i 

3 

e 

3 

3 

c 

o 

6 

&4 

o 

c 

a 

3 

< 

a 
o 
1c 
O 

5.23 

0) 
1 

u 

c 
o 

H 

1 

So 

CQ 

January, 

42,300 

44 

46 

V.  slight. 

2.47 

.0347 

.2573 

0.87 

.0017 

3.66 

11,800 

February, 

50,000 

45 

43 

V.  slight. 

1.86 

.0310 

.1810 

6.49 

1.61 

.0008 

3.25 

12,500 

March,    . 

51,900 

45 

44 

Slight. 

1.83 

.0340 

.1660 

5.88 

1.61 

.0003 

2.77 

11,700 

April, 

24,000 

47 

49 

Slight. 

2.00 

.0220 

.1760 

6.82 

1.92 

.0010 

3.08 

15,800 

May, 

44,400 

58 

59 

Slight. 

0.90 

.0200 

.1127 

6.77 

5.44 

.0020 

1.56 

60,600 

June, 

50,000 

70 

70 

Slight. 

0.85 

.0170 

.1030 

7.52 

4.30 

.0020 

1.58 

16,900 

July,       . 

50,000 

73 

78 

Slight. 

1.07 

.0130 

.1130 

6.05 

3.69 

.0010 

1.82 

9,700 

August,  . 

40,700 

71 

78 

Slight. 

0.81 

.0120 

.0890 

6.30 

4.62 

.0000 

1.37 

1,750 

September, 

42,300 

66 

70 

Slight. 

0.94 

.0150 

.1000 

9.60 

4.44 

.0000 

1.43 

22,400 

October, 

50,000 

58 

67 

V.  slight. 

0.90 

.0120 

.0930 

8.50 

3.39 

.0000 

1.28 

6,900 

November, 

42,300 

48 

45 

V.  slight. 

1.53 

.0150 

.1420 

8.47 

2.77 

.0000 

2.12 

8,600 

December, 

50,000 

46 

43 

V.  slight. 

1.63 

.0360 

.1220 

7.94 
7.13 

3.32 

.0015 
.0009 

1.97 

8,200 

Average, 

44,800 

56 

58 

- 

1.40 

.0218 

.1379 

3.17 

2.16 

15,600 

Surface  o 

filter 

raked  3  ii 

ches  de 

ep  once 

each  week 

.    Filt 

er  not 

opera 

ed  A\ 

ml  16 

to  Ma 

y4, 

August 

30  to  September  5. 


Filter  J}fo.  112. 
Filter  No.  112  contains  the  same  depth  and  grade  of  sand  as 
Filter  No.  70,  and  to  it  has  been  applied  the  same  mixture  of  sewage 
and  wool  liquor  as  applied  to  Filter  No.  70,  the  only  difference 
during  the  year  being  that  before  the  mixture  was  applied  to  this 
filter  it  was  passed  through  a  small  septic  tank,  being  forty-eight 
hours  within  the  tank.  This  septic  tank  was  put  into  operation 
Feb.  20,  1899.  It  soon  attained  a  state  of  active  fermentation, 
and  more  gas  per  volume  of  sewage  entering  was  evolved  than  from 
septic  tanks  receiving  ordinary  station  sewage.  At  the  end  of  its 
period  of  operation,  March  15,  1900,  when  these  two  filters  ceased 
to  be  operated,  and  after  thirteen  months'  operation  of  the  tank, 
there  was  less  than  %  inch  in  depth  of  sediment  in  it,  although 
sewage  equal  in  volume  to  85  times  its  capacity  had  passed  through. 
A  table,  showing  the  rate  of  filtration  and  the  average  analysis  of 
the  efliuent  of  this  filter,  is  here  presented  :  — 


466 


STATE   BOAED    OF   HEALTH.  [Pub.  Doc. 


Effluent  of  Filter  No.  112. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 
Days  in  a 

Week. 

Temperature. 
Deg.  F. 

Appearance. 

Ammonia. 

Nitrogen 
as 

o 

3 

1899. 

a 

is 
s 

3 

o 
o 

2 

2 
o 

c 

a 

3 
.Q 

c 
o 
S 
o 

6.13 

2 

3 

C 
O 

o 

January, 

53,700 

44 

49 

V.  slight. 

1.87 

.0207 

.1467 

2.26 

.0130 

2.27 

4,700 

February, 

53,700 

45 

49 

V.  slight. 

1.50 

.1150 

.1675 

5.94 

0.90 

.0415 

2.60 

7,300 

March,   . 

53,700 

45 

49 

Slight. 

1.16 

.2827 

.1207 

5.70 

2.12 

.0207 

1.95 

13,200 

April,     . 

38,600 

47 

57 

Slight. 

0.80 

.0180 

.1060 

6.19 

3.64 

.0023 

1.77 

1,150 

May, 

53,700 

58 

63 

V.  slight. 

0.75 

.0130 

.1207 

6.21 

3.82 

.0023 

1.41 

3,100 

June, 

53,700 

70 

76 

V.  slight. 

0.67 

.0090 

.0880 

7.03 

3.78 

.0020 

1.20 

23,900 

July, 

53,700 

73 

78 

V.  slight. 

0.82 

.0180 

.1040 

6.62 

3.07 

.0020 

1.48 

4,800 

August, . 

43,700 

71 

75 

Slight. 

0.74 

.0530 

.1030 

6.50 

2.45 

.0005 

1.29 

2,900 

September, 

45,400 

66 

68 

V.  slight. 

0.90 

.1960 

.0780 

10.98 

3.85 

.0010 

1.34 

37,000 

October, 

53.700 

68 

60 

V.  slight 

0.75 

.0650 

.0930 

8.90 

3.80 

.0020 

1.16 

9,100 

November, 

45,400 

48 

50 

V.  slight. 

1.32 

.0230 

.1150 

8.45 

3.28 

.0010 

1.84 

26,800 

December, 

65,800 

46 

48 

V.  slight 

1.25 

.0190 

.1180 

9.00 
7.30 

4.82 

.0020 

1.65 

15,300 

Average, 

51.200 

56 

60 

- 

1.00 

.0694 

.1134 

3.15 

.0075 

1.66 

12,400 

PUREFICATION   OF    CrEAMERY   WaSTE. 

Filter  JVo.  106. 
An  experiment  upon  methods  of  purifying  the  wastes  from 
creameries  was  begun  at  the  experiment  station  during  1898,  when 
Filter  No.  106,  containing  4  feet  in  depth  of  sand  of  an  effective 
size  of  0.23  millimeter,  was  put  into  operation.  As  stated  in  the 
last  report,  various  other  filters,  of  differing  materials  and  with 
modifications  of  intermittent  sand  filtration,  were  tried  without 
particularly  successful  results.  Satisfactory  purification  was  ob- 
tained with  Filter  No.  106,  however,  during  the  last  half  of  1898, 
as  stated  in  the  last  report.  The  filter  was  continued  in  operation 
during  1899  up  to  the  end  of  November,  and  up  to  June  14  in  ap- 
proximately the  same  way  as  described  in  the  last  report.  Begin- 
ning on  this  date,  however,  the  water  mixed  with  the  milk  was  at 
the  boiling  point  at  the  time  of  mixing,  and  when  applied  to  the 
filter  it  was  still  at  about  100  degrees  F.  This  treatment  was  begun 
as  at  the  creameries  the  cans,  churns,  etc.,  are  washed  with  Ijoil- 
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ing  water ;  and  not  only  was  it  wished  to  ascertain  what  effect  this 
treatment  of  the  milk  washed  from  the  utensils  would  have  upon 
the  purification  of  it  by  the  bacteria  in  the  filter,  but  the  question 
of  high  temperature  of  the  waste  when  reaching  the  surface  of  the 
filter  was  also  involved. 

Upon  July  10  enough  salt  was  also  added  to  the  creamery  waste 
applied  to  the  filter  to  increase  the  chlorine  present  to  over  500 
parts ;  this  being  done  because  at  the  creamery  in  Uxbridge,  in  re- 
gard to  the  disposal  of  the  waste  from  which  this  experiment  was 
started,  considerable  ice  cream  is  made  during  the  summer  months, 
and  consequently  the  waste  from  the  creamery  contains  a  large 
amount  of  salt.  Nitrification  within  the  filter  was  not  seriously 
disturbed  by  either  of  these  changes,  however,  although  the  amount 
of  free  and  albuminoid  ammonia  in  the  effluent  increased  slightly. 
The  filter  continued  to  successfully  purify  the  waste,  as  is  shown 
by  the  following  tables,  giving  the  average  analyses  of  the  liquor 
applied  to  and  the  effluent  from  the  filter  :  — 

Creamery  Waste  applied  to  Filter  No.  106. 

[Parts  per  100,000.] 


January, 
February, 
March,    . 
April, 
May, 
June, 
July, 
August,  . 
September,    . 
October, 
November, 
Average, . 


Free. 


.2067 
.1953 
.2650 
.2600 
.2000 
.0260 
.2840 
.4200 
.4800 
.4800 
.5000 
.2764 


Albu- 
minoid. 


2.46 
3.99 
4.01 
4.49 
5.06 
5.32 
5.89 
7.00 
5.95 
8.86 
6.70 
4.98 


1.76 

2.34 

2.87 

2.33 

2.80 

2.95 

371.10 

624.00 

542.00 

515.00 

525.00 

208.00 


Oxygen 
Consumed. 


Bacteria 
per  Cubic 
Centimeter. 


26.43 
34.57 
30.00 
31.00 
36.00 
37.40 
40.80 
50.00 
16.00 
65.60 
62.00 
35.82 


1,907,000 
6,387,000 
4,025,000 
9,895,000 
10,730,000 
110,000 
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Effluent  of  Filter  No.  106. 

[Parle  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Dally 

for  Six 
Dayiina 

Week. 

Temperatpeb. 
Deg.  F. 

Appeakancb. 

Ammonia. 

Nitrogen 

AS 

u 
a 

1899. 

1 

00 

s 

is 

S 

3 

u 
o 
o 

fe 

•6 
o 
c 

a 

3 
< 

a 
o 

1 

3 

00 

a 
o 
V 

a 

te 
>> 

O 

-1 
■CIS 

IS 

January, 

36,300 

43 

49 

V.  slight 

.16 

0.6280 

.0624 

1.16 

3.21 

.0684 

0.34 

25,800 

February, 

27,800 

40 

49 

V.  slight. 

.15 

0.5300 

.0535 

2.05 

3.58 

.0560 

0.32 

6,300 

March,    . 

27,800 

41 

49 

V.  slight. 

.15 

0.3150 

.0650 

2.03 

4.64 

.0430 

0.31 

19,500 

April,     . 

22,200 

43 

57 

Slight. 

.21 

0.3300 

.1040 

2.01 

6.33 

.0667 

0.47 

24,500 

May, 

27,800 

52 

63 

Slight. 

.15 

0.3400 

.0853 

2.06 

9.64 

.1033 

0.56 

5,300 

June, 

26,700 

62 

76 

Slight, 

.31 

0.4150 

.0660 

2.30 

13.67 

.1100 

0.54 

54,200 

July, 

25,000 

67 

78 

Slight. 

.32 

1.1086 

.1522 

176.44 

11.15 

.2960 

0.92 

9,229 

August, . 

24,100 

70 

75 

Slight. 

.22 

0.7300 

.1350 

552.25 

6.91 

•4000 

1.29 

332,800 

September, 

23,000 

64 

68 

Slight. 

.22 

0.6100 

.1220 

565.00 

5.34 

.2900 

1.10 

23,300 

October, 

25,000 

59 

60 

Slight. 

.18 

0.6450 

.1250 

533.00 

4.35 

.2200 

0.81 

3,600 

November, 

25,000 

51 

50 

Slight. 

.28 

0.5800 

.0960 

525.00 

3.86 
6.61 

.1000 
.1594 

0.81 

6,200 

Average, 

26,400 

54 

61 

- 

.21 

0.5665 

.0969 

214.85 

0.68 

46,400 

Cinders  and  Ashes  as  Filtering  Materials. 
Intermittent  Filter  JS/b.  95. 
The  use  of  cinders  as  a  filtering  material  was  begun  at  the  experi- 
ment station  during  1896,  and  cinder  and  ash  filters  have  been  con- 
tinued in  operation  since  that  date.  Contact  filters  of  these  materials 
have  already  been  described  in  this  report,  and  the  work  of  Filter 
No.  5B  is  given  on  page  478.  Filter  No.  95  contains  4^/2  feet  in 
depth  of  ashes  from  the  combustion  of  soft  coal,  and  was  put  in 
operation  during  the  last  part  of  October,  1897,  as  an  intermittent 
filter,  at  an  average  rate  of  100,000  gallons  per  acre  daily.  This 
rate  has  been  continued  up  to  the  end  of  1899,  and  the  filter  has 
produced  a  clear,  practically  colorless  efiiuent,  containing  very 
little  unoxidized  organic  matter,  as  shown  by  the  table  below, 
giving  the  average  analyses  of  its  efiiuent  during  the  year :  — 
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Effluent  of  Filler  No.  95. 

[Parts  per  100,000.] 


- 

Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Dally 

for  Six 

Days  in  a 

Week. 

Tbmpera- 

TtJKB. 

Deg.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

o 

2 
o 

4.28 

NiTKOGEN 
AS 

1 

3 

C 
O 

o 

c 

Si 

o 

B 

3 

o 

if. 
■3 
S 

3 

H 

o 

■6 
o 

1 

3 
< 

1 

2 

1899. 

s 

1 

QQ 

a 

3 

e 

January, 

100,000 

44 

45 

29m. 

Slight. 

.17 

.0575 

.0258 

1.47 

.0003 

.26 

645 

February,     . 

100,000 

45 

44 

24m. 

V.  slight. 

.07 

.0205 

.0143 

4.84 

1.92 

.0002 

.17 

710 

March, . 

100,000 

45 

45 

28m. 

V.  slight. 

.06 

.0067 

.0127 

4.39 

1.75 

.0001 

.12 

312 

April,    . 

84,000 

47 

52 

Ih.  19m. 

V.  Blight. 

.05 

.0050 

.0139 

5.86 

2.32 

.0002 

.16 

157 

May,     . 

100,000 

58 

55 

28m. 

None. 

.05 

.0093 

.0123 

8.48 

3.28 

.0004 

.13 

54 

•June,    . 

100,000 

70 

71 

33m. 

None. 

.06 

.0101 

.0128 

7.49 

2.50 

.0004 

.13 

223 

July,     . 

100,000 

73 

72 

25m. 

None. 

.03 

.0016 

.0114 

6.44 

2.53 

.0000 

.14 

52 

August, 

93,700 

71 

69 

50m. 

None. 

.01 

.0259 

.0121 

7.14 

4.10 

.0002 

.14 

4 

September,  . 

84,600 

66 

66 

2h.  18m. 

V.  slight 

.04 

.0122 

.0141 

12.07 

2.52 

.0004 

.14 

210 

October, 

100,000 

58 

56 

2h.  55m. 

V.  slight. 

.06 

.0052 

.0129 

6.93 

2.25 

.0000 

.16 

44 

November,  . 

77,000 

48 

48 

51m. 

V.  slight. 

.06 

.1427 

.0197 

9.13 

2.57 

.0003 

.19 

347 

December,   . 

100,000 

46 

44 

Ih. 

V.  slight. 

.11 

.0276 
.0270 

.0190 

7.95 

3.11 

.0002 

.18 

128 

Average, 

94,900 

56 

56 

- 

- 

.06 

.0151 

7.08 

2.53 

.0002 

.16 

241 

On  the  Action  or  Iron  in  the  Filtration  of  Sewage. 
Filters  JVos.  88,  96  A,  121  and  123. 
Metallic  iron  and  iron  oxides  have  been  much  used  in  the  purifi- 
cation of  water  and  sewage,  and  many  positive  statements  have  been 
made  with  regard  to  their  influence,  but  their  action  has  really  been 
very  little  investigated.  In  some  cases,  as,  for  instance,  in  the 
Anderson  process,  metallic  iron  is  first  dissolved  by  the  water, 
going  into  solution  as  protoxide,  and  is  subsequently  oxidized  by 
aeration,  when  the  hydrated  sesquioxide  is  precipitated  and  acts  as 
a  coagulant  on  the  suspended  matter  present.  In  this  case  the 
purification  efiected  by  the  iron  may  be  said  to  be  mainly  mechani- 
cal. In  the  experiments  which  have  been  made  at  the  Lawrence 
Experiment  Station  we  have  aimed  to  solve  the  question  whether 
iron  can  be  usefully  employed  as  a  carrier  of  oxygen  and  thereby 
assist  the  bacterial  purification,  or  whether  a  chemical  purification 
can  be  substituted  to  any  extent  for  the  action  of  micro-organisms. 
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Filter  JVo.  88. 
Filter  No.  88,  20  inches  in  diameter  and  containing  5  feet  in 
depth  of  a  mixture  of  sand  of  an  effective  size  of  0.23  millimeter 
and  iron  filings  in  the  proportion  of  two  parts  of  sand  to  one  of 
iron  by  bulk,  was  put  into  operation  in  July,  1897.  In  the  last 
annual  report  of  the  Board  the  action  of  this  filter  was  described 
up  to  January,  1899.  The  efiluent  was  shown  to  be  the  best  in  all 
respects  for  its  rate  (namely,  115,000  gallons  daily)  of  all  the  inter- 
mittent filters  ever  operated  at  the  station.  In  November,  1899, 
the  rate  was  increased  to  200,000  gallons  per  acre  daily,  but  this 
resulted  in  clogging  the  filter,  and  it  was  necessary  to  give  it  a  rest 
during  the  last  ten  days  of  the  month.  In  December  sewage  was 
again  applied  at  the  increased  rate.  The  following  table  gives  the 
record  of  the  operation  of  this  filter  for  the  year :  — 


Effluent  of  Filter  No.  88. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 

Daily 

for  Six 
Days  in  a 

Week. 

Tempeba- 

TUBE. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

6 
c 
T. 
o 

6 

4.30 
4.57 
4.21 
6.07 
5.84 
7.89 
5.01 
6.71 
9.41 
7.30 
7.94 
9.50 

UlTROGEN 

AS 

1 

s 

1 
O 

B 

Ul 
t^ 
K 

o 

2 

Deg.  F. 

3 

3 

o 
o 

6 

(4 

3 
'3 

a 

a 

s 

< 

2 

1899. 

1 

e 

^•1 
asS 
•CT3 

So 

a 

January, 
February,    . 
March, 
April,  . 
May,     . 
June,    . 
July,    . 
August, 
September,  . 
October, 
November,  . 
December,  . 

115,200 
115,200 
115,200 

96,800 
115,200 
115,200 
115,200 
106,700 

97,500 
115,200 
154,000 
200,000 

44 

45 
45 
47 
68 
70 
73 
71 
66 
58 
48 
46 

49 
47 
48 
55 
59 
73 
73 
70 
69 
60 
48 
51 

21m. 
24m. 
33m. 
18m. 
23m. 
llm. 
llm. 
20m. 
25m. 
31m. 
36m. 
Ih.  23m. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
Slight. 
Slight. 

.04 
.04 
.03 
.04 
.06 
.08 
.05 
.03 
.05 
.04 
.26 
.76 

.0074 
.0069 
.0060 
.0201 
.0066 
.0126 
.0094 
.0090 
.0119 
.0034 
.2875 
.3404 
.0601 

.0074 
.0063 
.0058 
.0075 
.0051 
.0049 
.0046 
.0055 
.0057 
.0066 
.0137 
.0190 

1.43 
1.58 
1.49 
2.21 
2.18 
2.04 
1.78 
3.47 
2.39 
2.74 
2.74 
2.59 

.0018 
.0019 
.0017 
.0029 
.0019 
.0029 
.0015 
.0014 
.0045 
.0008 
.0067 
.0225 

.05 
.10 
.05 
.10 
.03 
.05 
.07 
.07 
.06 
.05 
.17 
.18 

9 

76 

24 

13 

16 

496 

18 

16 

79 

11 

1,432 

2,780 

Average, 

121,800 

56 

59 

- 

- 

.12 

.0076 

6.56 

2.22 

.0042 

.08 

414 

Surface  raked  three  inches  deep  once  each  week.    Filter  not  operated  August  30  to  September  25 
and  November  20  to  November  25. 
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Filter  No.  96 A. 
This  filter,  6  inches  in  diameter  and  4^  feet  in  depth,  was  filled 
with  fine  iron  filings  and  turnings,  and  operated  intermittently  dur- 
ing 1898  and  the  first  five  months  of  1899.  It  was  practically  a 
continuation  of  Filter  No.  96,  first  put  into  operation  in  December, 
1897  (see  page  45,  report  of  1898).  The  purification  of  the  sew- 
age was  somewhat  less  satisfactory  in  this  filter  in  1899  than  in 
1898,  as  the  folio  wine;  averao;e  results  show  :  — 

[Parts  per  100,000.] 


Kate. 

Color. 

Ammonia. 

Chlorine. 

Nitrogen  as 

Oxygen 
Consumed. 

Bacteria 

Gallons 

per  Acre 

Daily. 

Free. 

Albuminoid. 

Nitrates. 

Nitrites. 

per  Cubic 
Centimeter. 

90,000 

.63* 

2.32 

.1225 

5.70 

.on4 

.0014 

1.28 

148,600 

*  After  the  iron  had  precipitated. 

Filters  JSfos.  121  and  123. 
These  filters  were  operated  as  contact  filters.  Filter  No.  121 
was  20  inches  in  diameter  and  5  feet  deep,  filled  with  iron  turnings 
and  coarse  coke  in  the  proportion  of  one-third  turnings  to  two- 
thirds  coke  by  bulk ;  septic  sewage  was  applied  to  it  at  the  rate  of 
429,000  gallons  daily.  Filter  No.  123  was  3  inches  in  diameter 
and  4  feet  deep,  and  was  filled  only  with  iron  filings  and  turnings ; 
regular  station  sewage  was  applied  to  it  at  the  rate  of  1,000,000 
gallons  daily.  Following  are  the  average  results  of  these  two  filters 
for  the  seven  months  of  their  operation  in  1899  :  — 


[Parts  per  100,000.] 


Kate. 

Gallons 
per  Acre 

l>aily. 

Color. 

Ammonia. 

Chlorine. 

Nitrogen  as 

Oxygen 
Consumed. 

Filter 
Number. 

Free          ^^''"- 
"*^''-       mlnoid. 

Nitrates. 

Nitrites. 

per  Cubic 
Centimeter. 

121 
123 

429,000 
1,058,000 

.45* 
Yellow. 

3.14 

1.88 

.0703 
.1132 

6.03 
7.32 

.0040 
.0080 

.0002 
.0036 

.59 
.79 

126,900 
380,500 

*  After  the  iron  had  precipitated. 


The  foregoing  experiments  have  given  us  many  important  facts 
in  regard  to  the  effect  which  iron  and  iron  oxides  produce  in  sewage 
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filters,  but  owing  to  the  variable  conditions  under  which  the  filters 
have  been  operated,  we  cannot  as  yet  say  that  we  know  accurately 
in  all  cases  the  nature  of  the  changes  which  have  taken  place. 

These  conditions  have  not  always  been  under  control,  nor  have 
we  always  known,  except  inferentially,  whether  there  was  free 
oxygen  in  the  filters  at  any  given  time ;  and  on  this  fact,  namely, 
whether  or  not  free  oxygen  is  present,  depends  the  nature  of  the 
action  of  the  iron.  The  first  action  of  the  metallic  iron  is  to  appro- 
priate the  free  oxygen  dissolved  in  the  sewage  or  in  the  air  of  the 
tank,  subsequently  it  will  appropriate  the  oxygen  of  the  nitrates 
and  nitrites  if  present,  reducing  them  to  ammonia.  Again,  the 
fragments  of  iron  become  quickly  coated  with  a  hydrated  sesqui- 
oxide  of  iron,  and  whether  the  oxygen  in  this  coating  plays  any 
part  in  the  process  remains  to  be  definitely  proved.  Further,  to 
what  extent  this  more  or  less  porous  coating  prevents  the  metallic 
iron  from  exertino;  its  reducino-  action  is  unknown.  It  is  interest- 
ing  to  note  in  this  connection  that  pieces  of  these  rusty  iron  filings 
and  turnings  taken  from  Tank  No.  88,  after  it  had  been  in  operation 
two  years,  showed  that  the  oxidation  was  only  superficial,  and  that 
the  greater  part  of  the  metallic  iron  was  yet  intact. 

From  the  composition  of  the  etiluents  of  these  filters  containing 
metallic  iron  we  can  draw  some  inferences  as  to  the  nature  of  the 
action  going  on  in  the  filters.  Thus,  where  the  efiiuent  contains 
iron  in  solution  in  the  form  of  protoxide,  we  know  that  the  air,  at 
least  in  the  lower  part  of  the  tank,  contains  no  oxygen,  and  that 
nitrification  is  out  of  the  question  ;  and  yet  when  this  condition 
exists  a  notable  degree  of  purification  is  effected,  as  shown  by  the 
reduced  amount  of  albuminoid  ammonia  and  oxygen  consumed. 
This  purification  may  have  taken  place  in  the  upper  part  of  the 
filter  and  the  lower  part  have  been  inoperative.  When  Filter  No. 
96  A  was  emptied  it  was  found  that  only  the  upper  part  of  the  iron 
was  oxidized,  and  that  the  lower  portion  was  more  brightly  metallic 
than  when  placed  in  the  filter.  Or  it  is  possible  that,  in  the  pres- 
ence of  a  reducing  agent  like  metallic  iron,  putrefaction,  or  an 
action  similar  to  that  which  goes  on  in  the  septic  tank,  takes  place. 
Filter  No.  123,  operated  as  a  contact  filter,  gave  fully  as  good 
results  as  an  intermittent  filter  as  Filter  No.  96  A,  although  re- 
ceiving ten  times  as  much  sewage.  A  satisfactory  explanation  of 
the  changes  which  took  place  in  these  filters  must  wait  for  further 
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experiments  on  the  action  of  metallic  iron  on  sewage  both  with  and 
without  free  oxygen. 

When  we  find,  as  in  Filter  No.  88,  that  the  efiluent  contains 
practically  no  iron  in  solution,  that  the  nitrates  are  high  and  that 
dissolved  oxygen  is  also  present,  we  know  that  there  has  been  free 
oxygen  present  during  the  entire  passage  of  the  sewage.  Can  we, 
then,  attribute  any  action  in  this  filter  to  the  metallic  iron  or  to  its 
coating  of  hydrated  oxide  ?  During  the  first  year  of  the  operation 
of  this  filter  the  free  ammonia  was  persistently  higher  than  would 
be  the  case  with  a  sand  filter  showing  the  same  high  purification  and 
nitrification.  This  was  evidently  due  to  the  action  of  the  metallic 
iron  in  reducing  the  nitrates.  The  free  ammonia  given  in  the  pre- 
ceding table,  showing  the  results  for  the  year  1899,  has  not  been  as 
high  as  in  the  previous  year,  yet  it  is  still  somewhat  out  of  propor- 
tion to  the  other  determinations,  showing  that  the  metallic  iron  is 
still  active  to  some  deo'ree  as  a  reducins;  ao:ent. 

But,  as  stated  above,  the  general  result  of  the  operation  of  this 
tank  was,  up  to  the  time  when  the  dose  was  raised  from  115,000 
to  200,000  gallons  per  acre  daily,  more  uniformly  satisfactory  than 
any  intermittent  filter  which  has  ever  been  installed  at  the  station!. 
We  were  driven,  therefore,  to  the  conclusion  that  this  admixture 
with  the  sand  of  fragments  of  metallic  iron  does  have  a  favorable 
effect  on  the  oxidation  of  organic  matter  of  the  sewage  and  also  in 
the  reduction  of  the  number  of  bacteria ;  and  it  is  highly  probable 
that  the  active  agent  in  promoting  the  purification  of  the  sewage  is 
the  hydrated  oxide  of  iron  which  forms  on  the  surface  of  the  iron 
fragments,  and  that  iron  does  under  these  conditions  act  on  sewage 
as  it  is  known  to  act  in  many  cases  where  it  is  in  contact  with  or- 
ganic matter  exposed  to  the  air, — namely,  as  a  carrier  of  oxyo-en 
to  hasten  decay. 

It  is  also  clear  from  the  foregoing  tables  that  iron  is  best  used  dis- 
seminated through  sand  ;  that  a  filter  composed  entirely  of  iron  frao-- 
ments  exerts  such  a  strong  reducing  action  that  bacterial  oxidation 
must  be  hindered  or  even  suspended. 

The  question  naturally  arises,  why  not  make  a  filter  entirely  of 
iron  oxide,  to  get  the  maximum  favorable  eff'ect  of  iron  as  an  oxi- 
dizing agent?  This  question  we  have  attempted  to  answer  by  fillino- 
a  tank  entirely  with  a  natural  iron  ore,  most  closely  allied  to  the 
rusty  coating  formed    on  the   iron   filings, — namely,  limonite   or 
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brown  hematite,  a  hydrous  sesquioxide  of  iron.  This  formed  Filter 
No.  125,  which  was  41/2  feet  in  depth  and  10  inches  in  diameter. 
The  screened  iron  ore  used  had  an  effective  size  of  1.00  milli- 
meter, unfortunately  too  coarse  to  be  used  as  an  intermittent  filter 
at  a  high  rate  and  too  fine  to  be  advantageously  used  as  a  contact 
filter. 

As  shown  in  the  following  table,  the  filter  was  operated  as  an  in- 
termittent filter  for  three  months,  at  a  rate  of  20,000  gallons  per 
acre  daily,  with  good  results,  and  was  then  changed  to  a  contact  fil- 
ter, at  a  rate  of  over  1,000,000  gallons.  But  this  rate  could  not  be 
maintained,  owing  to  the  fineness  of  the  material,  which  became 
badly  clogged. 

The  filter  was  given  a  rest  of  two  weeks  following  this  clogging, 
and  at  the  end  of  this  time  the  effluent,  on  the  reapplication  of 
sewage,  contained  iron  in  solution,  showing  that  the  hematite  had 
been  reduced,  in  the  absence  of  free  oxygen,  by  the  organic  matter 
present. 

Effluent  of  Filter  No.  125. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 

Daily 

for  Six 

Days  in  a 

Week. 

Temperatdbb. 
Deo.  F. 

Appearance. 

Ammonia. 

c 
"u 
o 

O 

6.40 
4.65 
5.73 
6.61 
8.16 
6.24 
7.23 
10.12 
6.89 

Nitrogen 

AS 

a 

a 
o 

c 
ix 

o 

r1 

1899. 

02 

c 

s 

3 

o 

2 

o 
c 

a 

s 

< 

2 

1 

"5- 

4 

11 

May,     . 
June,    . 
July,     . 
August, 
September, 
October, 
November, 
December, 

20,000 

20,000 

20,000 

1,185,000 

1,083,000 

1,280,000 

757,000 

480,000 

58 
70 
73 
71 
66 
58 
48 
46 

63 
76 
78 
67 
65 
60 
62 
48 

None. 

None. 

None. 

Decided. 

Decided. 

Decided. 

Decided. 

Decided. 

08 
08 
09 
26 
35 
29 
31 
57 

0.1800 
0.0460 
0.0075 
0,5740 
0.4600 
0.2290 
0.5933 
1.8000 

.0340 
.0124 
.0180 
.1370 
.1213 
.0877 
.0720 
.1130 

0.355 
0.982 
1.560 
2.430 
3.280 
1.900 
0.675 
0.105 

.0350 
.0072 
.0006 
.1700 
.0193 
.0111 
.0267 
.0030 

.45 
.10 
.11 

.69 

.94 
.68 
.64 
.93 

54,000 
10,900 
14,800 
203,000 
574,000 
177,000 
139,000 
245,000 

Average 

605,600 

61 

64 

- 

25 

0.4862 

.0744 

1.410 

.0341 

.57 

177,200 

In  conclusion,  we  may  therefore  assert  that  we  have  obtained  a 
distinct  advantage  in  the  intermittent  filtration  of  sewao'e  in  the  use 
of  metallic  iron  mixed  with  sand,  a  higher  rate  being  maintained 
with  efficient  purification  than  has  been  found  to  be  possible  with 
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sand  alone.  This  rate,  which  was  twice  as  great  as  with  sand  filters 
giving  equally  good  results,  could,  however,  only  be  maintained  on 
the  large  scale  in  case  the  filter  areas  were  kept  clean,  so  as  to  allow 
the  constant  presence  of  free  oxygen  in  the  filters.  The  exhaustion 
of  the  oxygen  would  certainly  be  followed  by  the  presence  of  iron 
in  the  efl3uent  and  a  general  derangement  of  the  action  of  the  filter. 
Further  experiments  are  needed  to  show  whether  a  natural  hydrous 
hematite,  either  alone  or  mixed  with  sand,  will  give  as  good  results 
as  metallic  iron  which  has  become  coated  with  hydrous  sesquioxide. 
It  is  unlikely  that  other  natural  iron  ores,  such  as  anhydrous  hema- 
tite or  magnetite,  will  be  as  easily  reduced  as  the  hydrous  hema- 
tites. 

Opeeation  or  the  Large  Intermittent  Experimental  Filters, 
j^-jj  OF  AN  Acre  in  Area. 
The  large  filters  in  the  field  outside  of  the  station  have  accom- 
plished their  usual  satisfactory  work  during  the  year.  Some  of 
these  filters  have  been  in  operation  twelve  years  and  are  still  in  good 
physical  condition ;  that  is  to  say,  the  sand  of  which  they  are  con- 
structed is  free  from  clogging,  and  contains  no  more  stored  organic 
matter  than  for  several  years  past.  The  results  obtained  from  these 
filters  and  observations  in  regard  to  their  continuance  in  operation 
become  more  interesting  and  valuable  each  year.  Intermittent  sand 
filtration  will  probably  meet,  better  than  any  other  method  yet  known, 
the  requirements  of  most  Massachusetts  municipalities  that  have  to 
install  sewage  purification  plants  for  many  years  in  the  future.  No 
other  kind  of  filter  can  probably  be  constructed  as  cheaply  as  sand 
filters,  where  areas  of  sandy  land  are  found  without  difficulty;  and 
observations  of  the  large  filtration  areas  in  the  State  and  analyses  of 
their  effluents  prove  their  satisfactory  work,  even  where  they  are 
not  cared  for  as  efficiently  as  could  be  wished.  They  are,  in  short, 
a  practical  success,  while  purification  of  sewage  by  means  of  contact 
filters  is  still  in  the  experimental  stage,  and  it  does  not  seem  prob- 
able that  effluents  of  equal  purity  can  be  obtained  by  them.  The 
following  table  shows  the  period  of  service  of  the  large  filters  at 
the  station,  together  with  the  date  upon  which  they  were  started, 
their  rate  of  operation,  etc.,  and  their  average  purification  of  sew- 
age, for  the  year  1899  :  — 
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Average  Purification,  etc.,  of  Filters  Nos.  1  to  10,  inclusive,  1899. 


Dimensions 
or  Filters. 

to 

&« 

Q 

lis 

,—  o 

< 

u 

a 
o 

"5 
O 

Average  Rate  of  Fil- 
tration (Gallons  per 
Acre  Daily)  Six  Days 
ina  Week— 1899. 

Average  (1899)  Pee 
Cent.  Removal  of 

Number  of 

FlLTBE. 

1 

p. 
Q 

1  • 

_C8 

"S 

.a 

§ 

s 

a 
O 

t3 

03 

S3 

1, 
2, 

4, 

5B, 
6, 

9  A, 
10, 

63 
60 
60 
60 
44 
60 
60 

200 
200 
200 
200 
200 
200 
200 

Jan.  10, 1888. 
Dec.  19, 1887. 
Dec.  19, 1887. 
Mar.  5, 1898. 
Jan.  12, 1888. 
Nov  .18. 1890. 
July  18, 1894. 

1,443,645 
731,568 
479,086 
224,100 

1,043,189 
965,382 
235,010 

288,729,000 
146,313,600 
95,817,200 
44,820,000 
208,637,800 
193,076,400 
47,002,000 

54.800 
34,400 
16,800 
81,700 
59,400 
59,500 
25,000 

91 
96 
98 
89 
94 
92 
93 

87 
93 
97 
86 
91 
87 
90 

98.60 
99.99 
99.99 
97.46 
99.72 
99.60 
99.74 

Filter  No.  1. 
Filter  No.  1  contains  60  inches  in  depth  of  coarse  sand  of  an  ef- 
fective size  of  0.48  millimeter,  and  is  ^\-^  of  an  acre  in  area.  The 
surface  of  this  filter  has  been  raked  1  inch  deep  each  week  and 
spaded  over  to  a  depth  of  6  inches  on  April  16  and  August  31. 
The  following  table  gives  the  rate  of  operation  and  the  monthly 
averages  of  the  analyses  of  the  effluent  for  the  year :  — 


Effluent  of  Filter  No.  1. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 
Days  in  a 

Week. 

Tempera- 

TDSB. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

o 

Si 

Nitrogen 

AS 

•6 
S 

3 
C 

o 

c 

O 

o 

3 

Deq.  F. 

1 

2 
o 

13 

a 

3 
< 

1 

c3 

1^ 

1899. 

6 
to 

03 

1 

3 

u 
o 
o 
O 

si 

January,     . 
February,  . 
March, 
April, 
May,   . 
June,  . 
July,  . 
August, 
September, 
October, 
November, . 
December, . 

76,200 
70,000 
60,000 
48,000 
60,000 
57,700 
60,000 
8,900 
50,800 
60,000 
46,200 
60,000 

49 
49 
48 
47 
56 
68 
74 
70 
65 
57 
47 
46 

56 

40 
38 
39 
46 
59 
68 
75 
74 
69 
59 
48 
48 

55 

4h.  24m. 

4h.     8m. 

Ih.  14m. 

45m. 

3m. 

2m. 

2m. 

7m. 

4m. 
26m. 
51m. 

Decided. 

Decided. 

v.  slight. 

V.  slight. 

v.  slight. 

Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Decided. 

.45 
.55 
.35 
.20 
.17 
.20 
.14 
.15 
.16 
.14 
.14 
.50 

1.1800 
2.3600 
0.5200 
0.0900 
0.0600 
0.0377 
0.0011 
0.1158 
0.1775 
0.0783 
0.2745 
1.5900 

.1200 
.1624 
.0692 
.0456 
.0387 
.0585 
.0264 
.0455 
.0427 
.0251 
.0400 
.1060 

6.88 
7.87 
7.01 
4.50 
7.56 
6.61 
1.35 
5.44 
8.89 
6.75 
7.60 
7.72 

1.48 
1.15 

2.77 
3.27 
4.18 
3.05 
1.90 
2.99 
2.83 
2.62 
2.27 
2.27 

.0125 
.0193 
.0024 
.0005 
.0002 
.0003 
.0003 
.0004 
.0004 
.0001 
.0010 
.0065 

0.99 
0.95 
0.74 
0.45 
0.39 
0.46 
0.27 
0.46 
0.41 
0.31 
0.38 
1.28 

21,100 

158,900 

13,800 

15,740 

9,650 
10,500 

3,500 
19,800 
30,700 
11,800 
25,500 
22,900 

Average, 

54,800 

- 

- 

.26 

0.5404 

.0650 

6.52 

2.57 

.0037 

0.59 

28,700 

Sewage  applied,  300  gallons  six  times  a  week.  During  January,  \0h  inches  of  snow  and  \\  inches 
of  ice  removed  from  surface;  during  February,  38  inches  of  snow  and  2\  inches  of  ice;  during  March, 
12^  inches  of  snow.    Filter  allowed  to  rest  from  August  1  to  August  25  inclusive. 
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Filter  JVo.  2. 
This  filter  is  -^-^  of  an  acre  in  area,  and  contains  60  inches  in 
depth  of  fine  sand  of  an  eftective  size  of  0.08  millimeter,  with  two 
circular  trenches  1  foot  wide  and  2  feet  deep,  of  medium  sand  of  an 
efiective  size  of  0.19  millimeter,  the  surface  of  these  trenches  being 
below  the  surface  of  the  remainder  of  the  filter  and  to  them  the 
sewage  is  applied.  The  surface  of  the  trenches  has  been  raked  1 
inch  deep  each  week,  and  they  were  dug  over  to  a  depth  of  6  inches 
on  April  15  and  August  31.  The  following  table  gives  the  rate  of 
operation  and  the  monthly  averages  of  the  analyses  of  the  efliuent :  — 

Effluent  of  miter  No.  2. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Qalloni 

per  Acre 

Daily 

for  Six 

Days  in  a 

Week. 

Tempera- 
ture. 

Length  of 
Time 

Sewage 

Remained 

on 

Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

c 
o 

3 
o 

KiTROGEN 
AS 

■a 

a 

a 
c 

6 

•A 

o 

3 
O 

'a 

O 

■a 
o 
c 

a 

s 

1 

s 

1 

1899. 

60 

a 

1 

^  a 
16 

January,     . 
February,  . 
March, 
April, . 
May,    . 
June,  . 
July,   . 
August, 
September, 
October, 
November, . 
December, . 

37,700 
35,000 
38,500 
32,000 
40,000 
38,500 
40,000 
5,900 
33,900 
40,000 
30,800 
40,000 

49 
49 
49 
48 
56 
68 
74 
70 
65 
56 
48 
46 

40 
39 
38 
44 
54 
64 
73 
74 
71 
61 
54 
46 

10h.26m. 
7h.22m. 
2h.34m. 
2h.  55m. 

5m. 

4m. 

4m. 

27m. 

17m. 

35m. 

3h.32m. 

None. 
None. 
Slight. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 

.09 
.22 
.25 
.17 
.14 
.14 
.12 
.08 
.10 
.09 
.07 
.10 

0.8500 
1.2480 
1.5840 
0.8233 
0.1894 
0.0227 
0.0015 
0.0028 
0.0023 
0.0014 
0.0015 
0.0990 

.0320 
.0464 
.0560 
.0407 
.0242 
.0238 
.0218 
.0144 
.0170 
.0121 
.0098 
.0182 

7.79 
7.34 
7.07 
4.31 
4.98 
8.49 
3.85 
1.32 
6.50 
7.37 
6.53 
8.12 

1.15 
0.48 
1.28 
2.41 
3.88 
3.01 
1.87 
0.88 
2.99 
3.30 
2.82 
2.14 

.0630 
.0600 
.0712 
.0587 
.0059 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0460 

.35 
.58 
.69 
.42 
.30 
.27 
.24 
.16 
.19 
.14 
.14 
.30 

164 
1,903 

135 
88 

134 
43 
21 
9 
26 
35 

143 
60 

Average, 

34,400 

57 

55 

- 

- 

.13 

0.4022 

.0264 

6.14 

2.18 

.0254 

.32 

329 

Sewage  applied,  200  gallons  six  times  a  week,  July  29  and  August  31,  cut  grass  and  weeds  on 
surface.  During  January,  10^  inches  of  snow  removed  from  surface  and  3f  Inches  of  ice  from  trenches; 
during  February,  37^  inches  of  snow  and  3J  Inches  of  Ice;  during  March,  II5  inches  of  snow.  Filter 
allowed  to  rest  from  August  1  to  August  25  inclusive. 


Filter  JVo.  4. 
This  filter  is  ^^-^  of  an  acre  in  area,  and  contains   60  inches  in 
depth  of  fine  river  silt  of  an  efiective  size  of  0.04  millimeter,  with 
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two  circular  trenches  about  14  inches  wide  and  12  inches  deep,  of 
coarse  sand  of  an  effective  size  of  0.48  millimeter.  The  surface  of 
these  trenches  is  below  the  surface  of  the  remainder  of  the  filter, 
and  to  them  the  sewage  is  applied.  They  have  been  raked  1  inch 
deep  each  week  and  spaded  to  a  depth  of  6  inches  on  April  15  and 
August  31.  The  following  table  gives  the  rate  of  operation  of  the 
filter  for  the  year  and  the  monthly  averages  of  the  analyses  of  the 
effluent :  — 

Effluent  of  Filter  No.  4. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 
Daily 
for  Six 
Days  in  a 
Week. 

Tempera- 
ture. 
Dko.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

a 

Nitrogen 

AS 

•6 

a 

3 

C 
o 
O 

a 

S) 
p^ 

o 

J2 
3 

o 

is 

s 
Eh 

o 

o 

"2 

o 

s 

i 

3 
< 

1 

2 

1899. 

OS 

t 

c 

3 

E 

11 

January,     . 
February,  . 
March, 
April, .        . 
May,   . 
June,  . 
July,  .       . 
August, 
September, 
October,      . 
November, . 
December, . 

19,200 
16,700 
19,300 
11,200 
19,300 
18,900 
20,000 
3,000 
18,500 
20,000 
15,400 
20,000 

48 
49 
48 
49 
56 
68 
75 
70 
65 
56 
47 
46 

43 
42 
40 
43 
55 
64 
69 

68 
62 
51 
46 

llh. 

12h.47m. 

2h.46m. 

Ih.lOm. 

6m. 

4m. 

6m. 

20m. 

11m. 

30m. 

2h.36m. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 

None. 
None. 
None. 
None. 

.01 
.02 
.04 
.06 
.04 
.03 
.02 

.05 
.06 
.01 
.04 

.0069 
.0650 
.2990 
.3950 
.U21 
.0639 
.0069 

.0023 
.0016 
.0011 
.0026 

.0097 
.0154 
.0288 
.0270 
.0117 
.0106 
.0116 

.0127 
.0092 
.0089 
.0106 

6.55 
6.45 
5.95 
3.97 
3.77 
5.46 
8.69 

5.61 
8.09 
6.25 
8.17 
6.27 

1.27 
0.72 
0.86 
1.61 
3.01 
3.00 
1.94 

1.45 
3.13 

2.86 
2.64 
2.04 

.0011 
.0048 
.0280 
.0400 
.0006 
.0000 
.0000 

.0000 
.0000 
.0000 
.0007 

.09 
.15 
.25 
.22 
.12 
.10 
.12 

.11 
.10 
.10 
.08 

5 

302 

487 

21 

17 

103 

19 

69 
8 

10 
3 

Average, 

16,792 

56 

53 

- 

- 

.03 

.0897 

.0142 

.0068 

.13 

95 

Sewage  applied,  200  gallons  three  times  a  week.  July  29  and  August  31,  cut  grass  and  weeds  on 
surface.  During  January,  95  inches  of  snow  removed  from  surface  and  3  inches  of  ice  from  trenches; 
during  February,  27  inches  of  snow  and  5  inches  of  ice;  during  March,  4J  inches  of  snow.  Filter 
allowed  to  rest  from  August  1  to  August  25  inclusive. 


Filter  No.  5B. 

This  filter  is  -^^-^  of  an  acre  in  area,  and  contains  60  inches  in 
depth  of  a  mixture  of  cinders  and  ashes  from  the  combustion  of  soft 
coal.  It  was  first  put  into  operation  on  March  5,  1898,  and  was 
operated  during  that  year  at  an  average  rate  of  73,000  gallons  per 
acre    daily.     During   1899   the   rate   of  operation   was    increased. 
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Owing  to  the  coarseness  of  the  material  in  this  filter,  sewage  enters 
it  more  readily  than  any  of  the  other  large  filters,  and  this  is  a 
condition  especially  favorable  for  good  work  during  cold  winter 
weather,  as  noted  on  page  446.  The  surface  of  the  filter  has  been 
raked  1  inch  deep  each  week.  The  following  table  gives  the  rate  of 
operation  and  the  monthly  averages  of  the  analyses  of  the  efiluent 
of  the  filter  :  — 

Effluent  of  Filter  No.  5  B. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 

per  Acre 

Daily 

for  Six 

Days  in  a 

Week. 

Tbmpera- 

TDRE. 
Deg.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Affeabancb. 

Ammonia. 

a 

1 

Nitrogen 

AS 

•o 

a 

3 

C 
O 

c 

o 

2 

■5 
IS 

3 

u 

o 
O 

1 

!2 

'3 
a 

a 

a 

1899. 

OS 

.g.a  - 
II 

January,     . 
February,  . 
March, 
April, . 
May,   . 
June,  . 
July,  .       . 
August, 
September, 
October,     . 
November, . 
December, . 

100,000 
95,800 

100,000 
56,000 

100,000 

100,000 

100,000 
11,100 
84,600 

100,000 
73,100 

100,000 

44 

44 
45 
48 
56 
70 
74 
71 
67 
57 
48 
47 

40 
39 
41 

47 
59 
70 
76 

70 
59 
49 
43 
54 

38m. 
6h. 

18m. 
10m. 

3m. 

6m. 

4m. 

35m. 

17m. 

14m. 

Ih.  29m. 

Decided. 

Decided. 

Slight. 

Slight. 

Slight. 

V.  slight. 

V.  slight. 

Decided. 
Decided. 
Decided. 
Great. 

.36 
.41 

.21 
.12 
.09 
.06 
.09 

.23 
.29 
.24 
.61 

2.0200 
2.1550 
1.1060 
0.1700 
0.1575 
0.0629 
0.0336 

0.8409 
0.7250 
0.6500 
2.2000 

.0890 
.1215 
.0576 
.0422 
.0269 
.0237 
.0181 

.1047 
.0760 
.0820 
.1720 

6.43 
6.92 
5.97 
5.69 
7.31 
7.08 
3.05 

10.87 
7.45 
7.44 
8.12 

1.15 
1.50 
2.37 
2.80 
3.79 
2.70 
1.51 

2.59 
2.62 
3.06 
1.68 

.0075 
.0065 
.0076 
.0065 
.0005 
.0001 
.0000 

.0059 
.0041 
.0205 
.1150 

0.63 
0.86 
0.46 
0.2E 
0.22 
0.17 
0.14 

0.67 
0.69 
0.65 
2.01 

88,400 
79,700 
37,500 
7,600 
10,200 
7,600 
9,200 

95,800 
73,600 
59,000 
105,000 

Average, 

81,700 

56 

- 

.25 

0.9201 

.0740 

6.94 

2.34 

.0158 

0.62 

52,000 

Sewage  applied,  500  gallons  six  times  a  week.  During  January,  12^  inches  of  snow  and  1  inch  of  ice 
removed  from  surface ;  during  February,  25J  inches  of  snow  and  5^  inches  of  ice ;  during  March,  93  inches 
of  snow.    Filter  allowed  to  rest  from  August  1  to  August  25  inclusive. 


Filter  No.  6. 

This  filter  is  ^^^  of  an  acre  in  area,  and  contains  44  inches  in 
depth  of  mixed  coarse  and  fine  sand  of  an  effective  size  of  0.35 
millimeter.  The  surface  of  the  filter  has  been  raked  to  a  depth  of 
1  inch  each  week  and  spaded  to  a  depth  of  6  inches  on  April  3  and 
August  31.  The  following  table  gives  the  rate  of  operation  during 
the  year  and  the  monthly  averages  of  the  analyses  of  the  efiluent 
of  the  filter  :  — 
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Effluent  of  Filter  No.  6. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

GalloiiB 

per  Acre 

Daily 

for  Six 
Days  in  a 

Week. 

Tempera- 

TDKB. 

Deg.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

c 

Nitrogen 

as 

•6 

a 

3 

C 
O 

O 

c 
o 

S 

3 

o 

S 

3 

o 

1 

2 

o 

■  c 

a 

3 
< 

1899. 

be 

i 

00 

3 

3 

-1 

«  a 

January,     . 
February,  . 
March, 
April, . 
May,    . 
June,  . 
July,  . 
August, 
September, 
October, 
November, . 
December, . 

100,000 
95,800 
86,700 
26,400 
60,000 
60,000 
60,000 
8,900 
50,800 
60,000 
43,800 
60,000 

46 
47 
45 
48 
56 
68 
72 
71 
66 
58 
48 
45 
56 

38 
38 
39 
44 
58 
68 
74 

71 
62 
50 
41 
53 

7h. 
7h. 

5h.  46m. 

Ih.  13m. 

10m. 

8m. 

5m. 

59m. 

18m, 

19m. 

2h.  53m. 

Decided. 
Decided. 
V.  slight. 
V.  slight. 
V.  slight. 
None. 
None. 

V.  slight. 
V.  slight. 
V.  Blight. 
Blight. 

.37 
.49 
.23 
.14 
.15 
.14 
.11 

.14 
.14 
.12 
.34 

0.6750 
1.0050 
0.1164 
0.1706 
0.0020 
0.0016 
0.0013 

0.0568 
0.0025 
0.0638 
1.4800 

.0630 
.0950 
.0383 
.0385 
.0303 
.0249 
.0196 

.0258 
.0193 
.0210 
.0690 

3.80 
4.15 
3.14 

4.73 
6.00 
7.00 
5.55 

9.72 
5.42 
6.75 
8.63 
5.90 

1.16 
0.73 
1.21 
3.21 
4.38 
3.08 
2.75 

3.78 
3.25 
2.72 
2.08 

.0013 
.0058 
.0022 
.0007 
.0000 
.0001 
.0001 

.0002 
.0000 
.0000 
.0140 

.61 
.71 
.46 
.34 
.33 
.27 
.19 

.27 
.23 
.24 
.70 

11,900 
12,500 
3,877 
3,600 
3,950 
2,900 
2,000 

7,700 
3,050 
1,300 
10,700 

Average, 

59,400 

- 

- 

.22 

0.3250 

.0409 

2.58 

.0022 

.40 

5,800 

Sewage  applied,  300  gallons  six  times  a  week.  During  January,  12  inches  of  snow  and  5|  inches  of 
ice  removed  from  surface;  during  February,  26^  inches  of  snow  and  4  inches  of  ice;  during  March,  7 
inches  of  snow  and  3  inch  of  ice.    Filter  allowed  to  rest  August  1  to  25  inclusive. 


Filter  No.  9  A. 

This  filter  is  ■^\-^  of  an  acre  in  area,  and  contains  5  feet  in  depth 
of  sand  of  an  effective  size  of  0.17  millimeter.  The  surface  of  the 
filter  has  been  raked  1  inch  deep  each  week  and  spaded  to  a  depth 
of  6  inches  on  April  15  and  August  31.  The  surface  of  the  filter 
during  the  winter  of  1899-1900  was  so  arranged  that  the  sewage 
was  applied  to  only  one-half  the  area,  thus  giving  a  greater  depth  of 
sewage  over  the  surface  at  the  time  of  application  and  by  this  means 
keeping  the  filter  freer  from  frost,  and  this  resulted  in  better  nitrifi- 
cation during  most  of  the  winter  months  than  has  usually  been  the 
case  with  this  filter.  The  following  table  gives  the  rate  of  opera- 
tion during  the  year  and  the  monthly  averages  of  the  analyses  of 
the  efliuent  of  the  filter  :  — 
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Effluent  of  Filter  No.  9 A. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Gallons 
per  Acre 
Daily 
for  Six 
Days  in  a 
Week. 

Tempera.- 

TOKE. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Hours  and 
Minutes. 

Appearance. 

Ammonia. 

c 
'C 
o 

3 

4.15 
4.90 
4.08 
4.81 
6.23 
5.49 
4.94 
7.71 
8.45 
7.44 
7.84 
8.75 

Nitrogen 

AS 

■3 

a 

3 

B 
O 
O 
C 
bo 
X 

o 

S 

3 

Deg.  F. 

3 

a 

o 
O 

u 
Em 

2 
o 

a 

a 

3 

1 

1 
1 

^  . 

1899. 

1 

^1 

II 

January,     . 
February,  . 
March, 
April, 
May,   . 
June,  . 
July,  . 
August, 
September, 
October,     . 
November, . 
December, . 

100,000 
91,700 
92,600 
28,800 
53,300 
60,000 
60,000 
11,100 
50,800 
60,000 
46,200 
60,000 

44 
45 
45 

47 
58 
70 
73 
71 
66 
58 
48 
46 
56 

39 
38 
38 
42 
55 
67 
74 
73 
71 
61 
51 
42 
54 

5h.  17m. 

8h.  13m. 

2h.  22m. 

56m. 

6m. 

4m. 

4m. 

5m. 

28m. 

24m. 

Ih.  27m. 

2h.  33m. 

Slight. 

Slight. 

Slight. 

V.  Blight. 

V.  Blight. 

None. 

None. 

None. 

None. 

None. 

None. 

Decided. 

0.32 
0.38 
0.31 
0.17 
0.16 
0.14 
0.11 
0.11 
0.11 
0.13 
0.13 
1.55 

0.7000 
1.3050 
0.3420 
0.2784 
0.0083 
0.0018 
0.0014 
0.0466 
0.1064 
0.0120 
0.0821 
3.7600 

.0620 
.0835 
.0584 
.0426 
.0320 
.0233 
.0196 
.0228 
.0232 
.0193 
.0264 
.2333 

0.78 
0.88 
1.35 
2.49 
4.15 
3.26 
2.58 
3.66 
3.30 
3.70 
2.09 
0.70 

.0025 
.0065 
.0020 
.0005 
.0001 
.0000 
.0000 
.0002 
.0001 
.0003 
.0002 
.0113 

0.58 
0.79 
0.57 
0.37 
0.35 
0.26 
0.22 
0.27 
0.26 
0.22 
0.28 
2.30 

8,800 
24,300 

7,800 

620 

2,448 

259 

125 

33 

585 

520 

18 

51,400 

Average, 

59,500 

- 

- 

0.30 

0.5537 

.0539 

6.23 

2.41 

.0020 

0.54 

8,100 

Sewage  applied,  300  gallons  six  times  a  week.  During  January,  12  inches  of  snow  and  2^  inches  of 
ice  removed  from  surface;  during  February,  27J  inches  of  snow  and  5J  inches  of  ice;  during  March, 
153  inches  of  snow.    Filter  allowed  to  rest  August  1  to  25  inclusive. 


Filter  JSFo.  10. 

This  filter  is  ^^-j  of  an  acre  in  area,  and  contains  5  feet  in  depth 
of  mixed  coarse  and  fine  sand  of  an  effective  size  of  0.35  milli- 
meter. No  underdrains  are  beneath  the  sand  except  directly  above 
and  around  the  outlet  pipe.  A  partition  extending  3  feet  below  the 
surface  separates  the  quarter  of  the  surface  farthest  from  the  under- 
drains from  the  remainder  of  the  surface.  To  this  quarter  of  the 
surface  the  sewage  is  applied,  and  the  rate  upon  this  area  is  four 
times  as  great  as  the  rate  given  in  the  table  below,  which  is  cal- 
culated upon  the  entire  surface  of  the  filter.  In  the  fall  of  1899 
about  8  inches  in  depth  of  loam  was  placed  over  the  portion  of  the 
surface  to  which  sewage  is  not  applied,  in  order  that  the  filter  might 
resemble  more  closely  large  filtration  areas,  where  the  sewage  is 
applied  to  certain  portions  from  which  the  surface  loam  and  soil  have 
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been  removed,  but  the  remainder  of  the  area  left  covered  with  this 
loam.  The  effect  of  this  covering  was  to  keep  the  filter  somewhat 
warmer  during  the  year,  as  would  naturally  be  expected,  and  better 
purification  resulted. 

Effluent  of  Filter  No.  10. 

[Parts  per  100,000.] 


Quan- 
tity 
Applied. 

Qallons 
per  Acre 
Daily 
for  Six 
Days  In  a 
Week. 

Tempbba- 

TDBE. 
Deg.  F. 

Length  of 

Time 

Sewage 

Remained 

on 

Surface. 

Hours  and 
Minutes. 

Appbakancb. 

Ammonia. 

6 

c 

a 
o 

NiTKOGKN 
AS 

1 

3 

s 

o 

a 

M 

o 

o 
3 

3 

•S 

1 

a 
Eh 

u 

o 
o 

£ 

2 
o 

c 

a 

3 

1 

5 

1899. 

to 

a 

3 

January,     . 

27,700 

42 

40 

9h. 

Decided. 

.43 

1.0000 

.1170 

6.06 

0.77 

.0140 

.87 

24,900 

February,  . 

22,500 

42 

38 

5h.  19m. 

Decided. 

.51 

1.7500 

.1055 

7.83 

1.21 

.0111 

.92 

17,900 

March, 

30,000 

43 

38 

Ih.  26m. 

Slight. 

.27 

0.8760 

.0716 

5.54 

1.48 

.0132 

.57 

12,700 

April, . 

18,400 

47 

43 

2h.  15m. 

Slight. 

.25 

0.6000 

.0620 

5.68 

1.97 

.0125 

.52 

4,050 

May,    . 

26,700 

58 

65 

5m. 

V.  slight. 

.16 

0.1635 

.0388 

6.39 

4.29 

.0006 

.35 

1,577 

June,  . 

30,000 

70 

67 

4m. 

V.  slight. 

.13 

0.0186 

.0J79 

5.90 

3.65 

.0001 

.27 

290 

July,   . 

30,000 

74 

75 

3m. 

v.  slight. 

.11 

0.0046 

.0214 

3.41 

2.25 

.0002 

.21 

154 

August, 

5,600 

70 

71 

3m, 

None. 

.07 

0.0054 

.0200 

8.94 

3.13 

.0002 

.17 

103 

September, 

25,400 

65 

70 

25m. 

None. 

.10 

0.0019 

.0157 

6.75 

3.13 

.0001 

.19 

130 

October,      . 

30,000 

58 

61 

6m. 

None. 

.12 

0.0007 

.0143 

5.58 

2.64 

.0000 

.17 

206 

November, . 

23,100 

49 

53 

14m. 

None. 

.10 

0.0074 

.0155 

[7.75 

3.22 

.0000 

.18 

118 

December, . 

30,000 

46 

45 

51m. 

V.  slight. 

.19 

0.7500 

.0400 

8.77 

2.80 

.0370 

.48 

796 

Average, 

25,000 

55 

55 

- 

- 

.20 

0.4315 

.0458 

6.55 

2.55 

.0074 

.41 

5,250 

Sewage  applied,  150  gallons  six  times  a  week.  August  16,  grass  and  weeds  removed  from  that  part 
of  surface  which  is  not  flooded,  and  4  inches  of  loam  put  on  surface  and  packed  down  hard.  October  19, 
6  inches  of  dirt  put  over  the  loam.  During  January,  13  inches  of  snow  and  8|  inches  of  ice  removed 
from  surface;  during  February,  27 J  inches  of  snow  and  14|  inches  of  ice;  during  March,  11 J  inches  of 
snow.    Filler  allowed  to  rest  August  1  to  25  inclusive. 
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Studies  upon  the  purification  of  water  by  sand  filtration  have 
been  continued  at  the  experiment  station  during  1899,  and  a  number 
of  experimental  filters  have  been  in  operation.  Several  of  them 
have  received  water  from  the  Merrimack  River  while  to  others  a 
more  polluted  water  has  been  applied.  During  a  portion  of  the 
year  this  polluted  water  has  been  the  filtered  city  supply  and  sew- 
age, and  during  a  portion  of  the  year  the  unfiltered  river  water  and 
sewage.  The  results  obtained  during  the  period  when  city  water 
and  sewage  was  applied,  compared  with  those  obtained  during  the 
period  when  river  water  and  sewage  was  applied,  have  given  inter- 
esting information  upon  the  different  degrees  of  clogging  of  filter 
surfaces  caused  by  sand,  silt  and  organic  matter  in  the  applied 
water.  Two  experimental  filters  have  been  used  for  preliminary 
work  upon  studies  of  the  removal  of  color  from  water,  and  much 
experimental  work  has  been  done  as  in  previous  years  upon  methods 
of  removino;  iron  from  o-round  water. 

B.  CoLi  Communis. 

Besides  the  bacterial  work  necessary  for  the  determinations  of 
the  bacterial  efficiency  of  the  filters,  many  hundred  samples  of  the 
river  water  and  the  filtered  water  from  the  various  filters,  etc.,  have 
been  examined  to  determine  the  presence  or  absence  of  B.  coli  com- 
munis, the  characteristic  organism  of  sewage-polluted  water  sup- 
plies. This  work  has  been  done  in  order  to  determine  the  efficiency 
of  sand  filters  in  removing  this  organism.  Particularly  have  we 
followed  the  work  of  the  Lawrence  city  filter,  and  its  efficiency  in 
removing  this  germ  from  the  Merrimack  River  water. 

These  studies  upon  the  removal  of  B.  coli  communis  by  filtration 
were  begun  several  years  ago,  as  it  is  evident  that  it  is  of  more 
importance  that  a  filter  shall  remove  all  of  the  few  disease  germs 
that  may  be  present  in  a  polluted  water  than  99  or  even  100  per 
cent,  of  the  large  number  of  ordinary  harmless  water  bacteria 
present;  and  these  studies  with  B.  coli  communis  were  of  direct 
application  to  this  fact  as  follows  :  The  detection  in  water  of  the 
germ  of  typhoid  fever  —  the  principal  water-borne  disease  in  this 
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country  at  least  —  is  of  rare  occurrence,  and  must  necessarily  be 
so,  on  account  of  the  great  dilution,  in  most  instances,  of  the  in- 
fecting matter  with  the  water,  and  the  small  volume  of  water  that 
can  be  examined  in  the  laboratory  for  this  germ,  even  when  many 
examinations  are  made.  The  typhoid  bacillus  cannot  occur  naturally 
in  water,  however,  without  the  occurrence  of  large  numbers  of  B.  coli 
communis;  and  the  determination  of  the  absence  of  this  latter  germ 
from  filtered  water  is  conclusive  evidence,  we  believe,  of  the  absence 
of  the  typhoid  germ.  For  instance,  when  one  considers  the  very 
large  number  of  people  in  the  cities  of  Lowell,  Manchester,  etc., 
who  are  contributino;  B.  coli  communis  to  the  sewage  that  flows  into 
the  Merrimack  River  from  the  sewers  of  those  cities,  and  also  con- 
siders that  it  is  of  rare  occurrence  to  find  more  than  fifty  of  these 
bacilli  in  1  cubic  centimeter  of  the  river  water  at  the  intake  of  the 
Lawrence  city  filter,  we  can  understand  how  few  must  be  the  typhoid 
germs  contained  in  the  river  water  in  comparison  with  the  number 
of  B.  coli  communis,  even  when  an  epidemic  of  typhoid  fever  is 
occurring  in  the  cities  above  Lawrence,  owing  to  the  small  percent- 
age of  the  inhabitants  of  those  cities  that  have  typhoid  fever,  even 
at  times  of  a  severe  epidemic. 

The  volume  of  water  to  be  tested  for  B.  coli  comynunis  has  been 
an  object  for  special  study,  as  it  is  evident  that  we  are  more  likely 
to  find  the  germ  in  100  cubic  centimeters  or  50  cubic  centimeters  of 
water  than  in  1  cubic  centimeter.  Following  out  this  line  of 
thought,  therefore,  the  question  arises,  when  filtering  a  water  as 
polluted  as  that  of  the  Merrimack  River,  Is  a  degree  of  filtration 
that  eliminates  B.  coli  communis  from  the  water  essential  in  order 
to  feel  sure  that  all  disease  germs  are  eliminated,  or  is  it  only  nec- 
essary that  the  filtration  shall  be  so  efl'ective  that  this  germ  is  not 
found,  or  but  seldom  found,  in  1  cubic  centimeter  or  perhaps  5 
cubic  centimeters  of  the  filtered  water  examined  ? 

Lawrence  City  Filter. 

This  filter  is  2.5  acres  in  area,  and  is  unprotected  from  the  weather 
by  any  roof.     It  was  first  put  into  operation  in  September,  1893. 

After  the  disturbances  made  in  the  filter  in  December,  1898,  re- 
corded in  the  report  of  last  year,  the  bacterial  results  of  filtration 
continued  less  satisfactory  than  usual  through  the  cold  months  of 
January  and  February,  1899,  but  resumed  their  normal  condition  in 
March. 
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The  following  facts  can  be  noted :  During  January,  the  average 
number  of  bacteria  in  the  effluent  of  the  filter  was  83  per  cubic  cen- 
timeter, and  the  bacterial  efiiciency  of  the  filter  was  98.31  per  cent.  ; 
B.  coli  communis  was  found,  however,  in  1  cubic  centimeter  of  14 
of  the  26  samples  examined  for  it  during  the  month.  During  Feb- 
ruary, the  average  number  of  bacteria  in  the  effluent  of  the  filter  was 
108  per  cubic  centimeter,  and  the  bacterial  efficiency  of  the  filter  was 
98.17  per  cent.  ;  B.  coli  communis  was  found,  however,  in  1  cubic 
centimeter  of  13  of  the  21  samples  examined  during  the  month.  In 
March,  the  average  number  of  bacteria  in  the  effluent  of  the  filter 
was  45  per  cubic  centimeter,  and  its  bacterial  efficiency  was  99.30 
per  cent. ,  and  B.  coli  communis  was  found  in  1  cubic  centimeter  of 
only  2  of  the  26  samples  examined  during  this  month.  That  is  to 
say,  the  poorest  bacterial  efficiency  during  any  one  of  these  three 
months  was  only  1.13  per  cent,  less  than  the  best  bacterial  efficiency. 
This  difference  was  not  particularly  striking,  and  ordinarily  not  much 
significance  would  be  attached  to  this  small  variation.  In  the  month 
of  January,  however,  54  per  cent,  of  the  samples  contained  B,  coli 
communis  in  the  1  cubic  centimeter  of  each  sample  examined,  dur- 
ing February  62  per  cent,  of  the  samples  contained  B.  coli  communis 
in  the  1  cubic  centimeter  of  each  sample  examined,  while  during  the 
month  of  March  only  8  per  cent,  of  the  samples  examined  contained 
this  fferm  in  the  1  cubic  centimeter  examined. 

A  comparison  of  the  different  determinations  indicates  that  the 
test  for  B.  coli  communis  in  filtered  water  may  develop  an  impor- 
tance which  has  not  hitherto  been  sufficiently  recognized. 

During  the  year  180  samples  of  the  river  water  collected  at  the 
intake  of  the  filter  were  examined  for  B.  coli  communis,  and  it  was 
found  in  all  but  one  of  these  samples.  The  number  per  cubic  cen- 
timeter averaged  47  for  the  entire  year,  and  the  average  number 
varied  from  8  per  cubic  centimeter  in  August  to  140  per  cubic  cen- 
timeter in  December.  During  the  same  period  189  samples  of  the 
filtered  water  collected  at  the  pumping  station  were  examined  for 
this  germ,  and  it  was  found  in  1  cubic  centimeter  of  45  of  these 
samples.  Twenty-seven  of  the  samples  in  which  it  was  found,  how- 
ever, were  collected  during  the  months  of  January  and  February. 
Probably  never  more  than  one  colony  per  cubic  centimeter  was 
present  in  any  of  these  samples  of  effluent  from  the  city  filter.  For 
further  results  of  work  along  this  line,  see  table,  page  496. 
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Cubic  Centimeter  in  Merrimack  Biver  Water,  1899. 


Jdlt.          1 

August. 

September. 

OCTOBEB. 

November. 

Desember. 

— 

.S 

2 

03 

w 

03 

» 

o3 

« 

o3 

M 

cs 

M 

*C 

'3 

•E 

c 

"C 

'5 

"H 

'S 

*E 

c 

•c 

"H 

■s 

0 

a 

% 

a 
S 

% 

3 

B. 

■s 

3 

a 

-2 

s 

a 

u 

3 

a 

?i 

feM 

n 

fe« 

■■si 

03 

■-Si 

feM 

3i 

s« 

n 

"a 

Ou 

03 

Oo 

"S 

u6 

<A 

u§ 

■s 

06 

03 

u§ 

^ 

M 

^ 

p4 

^ 

w 

^ 

05 

^ 

pa 

^ 

M 

- 

- 

- 

- 

- 

- 

- 

- 

12,300 

34 

9,000 

126 

1 

- 

- 

- 

- 

- 

- 

12,600 

10 

9,600 

54 

4,100 

212 

2 

- 

- 

- 

- 

- 

- 

- 

- 

4,500 

26 

- 

- 

3 

- 

- 

- 

- 

- 

- 

- 

- 

6,900 

48 

11,200 

266 

4 

- 

- 

- 

- 

1,300 

66 

- 

- 

- 

- 

11,200 

118 

5 

3,800 

2 

- 

- 

- 

- 

- 

- 

4,000 

7 

7,300 

153 

6 

- 

- 

- 

- 

- 

- 

- 

- 

8,200 

89 

11,000 

209 

7 

- 

- 

1,200 

13 

- 

- 

- 

- 

4,200 

53 

2,000 

69 

8 

- 

- 

- 

- 

- 

- 

- 

- 

5,300 

50 

8,400 

141 

9 

8,300 

73 

- 

- 

- 

- 

14,200 

0 

5,300 

116 

- 

- 

10 

1,400 

123 

- 

- 

8,000 

1 

- 

- 

6,500 

132 

8,300 

17 

11 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13,800 

162 

12 

- 

- 

- 

- 

- 

- 

- 

- 

8,300 

12 

13,400 

88 

13 

- 

- 

9,100 

- 

- 

- 

- 

- 

4,200 

14 

22,400 

253 

14 

- 

- 

- 

- 

- 

- 

- 

- 

8,800 

74 

5,200 

220 

15 

- 

- 

- 

- 

- 

- 

5,300 

4 

13,500 

59 

20,800 

160 

16 

- 

- 

- 

- 

- 

- 

- 

- 

7,300 

25 

- 

- 

17 

•900 

47 

- 

- 

9,800 

14 

- 

- 

3,800 

45 

11,600 

65 

18 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

4,400 

119 

19 

- 

- 

- 

- 

- 

- 

- 

- 

11,200 

95 

7,500 

114 

20 

- 

- 

6,600 

9 

- 

- 

- 

- 

8,600 

- 

7,400 

194 

21 

- 

- 

- 

- 

- 

- 

- 

6,000 

72 

8,400 

180 

22 

- 

- 

- 

- 

- 

- 

- 

- 

69,200 

85 

8,200 

121 

23 

1,500 

75 

- 

- 

- 

- 

10,300 

91 

5,300 

71 

- 

- 

24 

- 

- 

- 

- 

- 

- 

- 

- 

6,000 

51 

- 

- 

25 

- 

- 

- 

- 

1,500 

92 

- 

- 

- 

- 

11,900 

69 

26 

- 

- 

~ 

- 

_ 

- 

- 

- 

14,500 

42 

4,700 

117 

27 

- 

- 

- 

- 

- 

- 

- 

- 

3,800 

104 

2,000 

113 

28 

- 

- 

3,000 

2 

- 

- 

- 

- 

7,700 

146 

5,300 

105 

29 

- 

- 

- 

- 

- 

4,000 

7 

- 

- 

6,500 

112 

30 

6,000 

118 

- 

- 

- 

- 

- 

- 

- 

- 

- 

31 

3,700 

73 

5,000 

8 

5,200 

43 

9,300 

22 

9,800 

60 

9,800 

140 

32 

488 


STATE  BOAED   OF   HEALTH.  [Pub.  Doc. 


Number  of  Bacteria  and  B.  Coli  Communis  per  Cubic 


Jandaet. 

FEBR0ART. 

Mabch. 

APRIL. 

Mat. 

Jdne. 

DAT. 

3 

a 

"5 

'5 

3 

a 

1 

. 
s 

3 

s 

t5 

3 

a 

a 

3 

a 

c 

s 

a 

03 

SI 

03 

i-ca 

03 

=31 

=31 

-S 
03 

03 

o3 

^ 

ca 

^ 

n 

^ 

cq 

^ 

M 

^ 

fi3 

^ 

M 

1 

1,          .        .        . 

_ 

_ 

97 

1 

45 

1 

36 

0 

20 

0 

. 

_ 

2 

2, 

153 

1 

122 

1 

58 

1 

- 

- 

17 

0 

_ 

- 

3 

3, 

47 

0 

50 

0 

110 

0 

7 

0 

8 

0 

- 

- 

4 

4, 

26 

0 

124 

1 

48 

0 

18 

0 

34 

0 

- 

_ 

6 

6, 

98 

1 

- 

- 

- 

- 

17 

0 

13 

0 

14 

0 

6 

6, 

43 

0 

90 

1 

55 

0 

12 

0 

18 

0 

_ 

_ 

7 

7, 

171 

0 

102 

0 

- 

- 

51 

1 

- 

- 

- 

- 

8 

8, 

- 

- 

135 

1 

84 

0 

140 

1 

28 

0 

- 

- 

9 

9i 

93 

1 

234 

1 

32 

0 

- 

- 

11 

0 

- 

_ 

10 

10, 

22 

0 

133 

0 

45 

0 

151 

1 

14 

0 

- 

- 

11 

11, 

122 

1 

115 

1 

61 

0 

89 

0 

33 

0 

- 

- 

12 

12, 

114 

1 

- 

- 

- 

- 

22 

0 

10 

0 

325 

0 

13 

13, 

56 

0 

- 

- 

54 

0 

22 

0 

_ 

_ 

- 

_ 

14 

14. 

63 

1 

- 

- 

44 

0 

16 

0 

- 

- 

- 

- 

15 

15, 

- 

- 

66 

1 

38 

0 

28 

0 

10 

0 

- 

- 

16 

16, 

86 

1 

79 

1 

39 

0 

- 

- 

- 

- 

- 

- 

17 

17, 

142 

1 

111 

1 

35 

0 

42 

0 

- 

- 

- 

18 

18, 

103 

1 

95 

0 

52 

0 

36 

0 

- 

- 

- 

- 

19 

19, 

64 

1 

- 

- 

- 

- 

- 

- 

- 

- 

35 

0 

20 

20, 

44 

0 

119 

0 

48 

0 

40 

0 

- 

- 

- 

- 

21 

21, 

82 

0 

86 

0 

29 

0 

22 

0 

- 

- 

- 

- 

22 

22, 

- 

- 

- 

- 

64 

0 

14 

0 

13 

0 

- 

- 

23 

23, 

51 

0 

40 

0 

39 

0 

- 

- 

- 

- 

- 

- 

24 

24, 

65 

0 

63 

1 

36 

0 

26 

1 

- 

- 

- 

- 

25 

25, 

102 

1 

152 

0 

25 

0 

11 

0 

- 

- 

- 

- 

26 

26, 

34 

0 

- 

- 

- 

- 

12 

0 

- 

- 

- 

- 

27 

27, 

78 

1 

131 

1 

19 

0 

38 

0 

- 

- 

- 

- 

28 

28, 

95 

1 

127 

1 

17 

0 

118 

0 

- 

- 

65 

0 

29 

29, 

- 

- 

- 

- 

42 

0 

41 

0 

4 

0 

- 

- 

30 

30, 

140 

0 

- 

- 

32 

0 

- 

- 

- 

- 

- 

- 

31 

31, 

59 

1 

- 

- 

27 

0 

- 

- 

- 

- 

- 

- 

32 

Aver 

age. 

83 

- 

108 

- 

45 

- 

40 

- 

17 

- 

110 

- 

January  6,  beds  22-25  inclusive  were  scraped;  January  10,  bed  21;  January  13,  beds  18-20;  January 
17,  beds  14-17;  January  20,  beds  1-3;  January  24, beds  4  and  5;  January  28,  beds  8  and  9;  January  31,  bed 
10;  February  3,  beds  11  and  12;  February  7,  beds  13  and  14;  February  21,  beds  15-17;  February  22,  beds 
18  and  19;  February  23,  beds  20  and  21;  February  24,  bed  22;  March  1,  beds  23-25;  March  4,  beds  1-3; 
April  5,  beds  12-22;  April  6,  beds  1-11  and  20-25;  April  26,  beds  1-8  and  17-22;  April  27,  beds  6-16  and 
23-25;  April  28,  beds  4  and  5;  May  4,  beds  5  and  6;  May  9,  beds  7  and  8;  May  11,  beds  9, 12  and  13; 
May  18,  beds  1-4,  11  and  14;  May  23,  beds  15-20;  May  25,  beds  21-25;  May  31,  bed  12;  June  1-Novem- 
ber  1,  all  the  beds  were  scraped  seven  times;  November  8,  beds  12,  21  and  25;  November  10,  beds  1,  2, 
11,  12,  22,  23  and  24;  November  21,  beds  13-25;  November  24, beds  1-12;  December  5,  beds  20-25;  Decem- 
ber 7,  beds  1  and  11-19;  December  8,  beds  2-10;  December  16,  beds  16-25;  and  December  19,  beds  1-14. 

On  different  dates  during  the  year  all  the  beds  were  refilled  to  grade;  that  is  to  say,  sand  was  placed 
upon  the  bed  in  sufficient  depth  to  equalize  the  sand  removed  from  it  by  scraping. 
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Centimeter  in  Effluent  of  Lawrence  City  Filter,  1899. 
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Volume  of  Water  filtered  during  1899. 

million  gallons  of  water  were  filtered  during  January. 

February. 
March. 
April. 
May. 
June. 
July. 
August. 
September. 
October. 
November. 
December. 


1,172.0  million  gallons  of  water  filtered  during  the  year. 
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Centimeter  in  Filtered  Water  at  Outlet  of  Reservoir,  1899. 
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Centimeter  in  Filtered  Water  collected  from  a  Tap  at  the  City  Hall. 
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33 

0 

- 

- 

14 

0 

8 

8, 

- 

- 

40 

0 

46 

0 

20 

0 

21 

0 

22 

0 

0 

9, 

60 

0 

61 

0 

46 

0 

- 

- 

10 

0 

25 

0 

10 

10, 

45 

1 

60 

0 

59 

0 

57 

0 

32 

0 

30 

0 

11 

11, 

106 

1 

57 

0 

28 

0 

52 

0 

30 

0 

- 

- 

12 

12, 

62 

0 

- 

- 

- 

- 

38 

0 

15 

0 

-  28 

0 

13 

13, 

63 

0 

40 

0 

36 

0 

32 

0 

18 

0 

21 

0 

14 

14,         . 

20 

0 

63 

0 

12 

0 

44 

0 

- 

- 

39 

0 

15 

15, 

- 

- 

53 

0 

23 

0 

32 

0 

8 

0 

22 

0 

16 

16,          . 

61 

0 

94 

0 

27 

0 

- 

- 

34 

0 

18 

0 

17 

17, 

61 

1 

48 

0 

47 

0 

33 

0 

13 

0 

- 

- 

18 

18, 

44 

1 

34 

0 

30 

0 

19 

0 

29 

0 

- 

- 

19 

19, 

98 

0 

- 

- 

- 

- 

- 

- 

20 

0 

38 

0 

20 

20, 

113 

0 

64 

0 

27 

0 

13 

0 

4 

0 

28 

0 

21 

21, 

47 

0 

62 

0 

93 

0 

96 

0 

- 

- 

24 

0 

22 

22, 

- 

- 

- 

- 

41 

0 

30 

0 

21 

0 

38 

0 

23 

23, 

77 

1 

- 

- 

40 

0 

- 

- 

22 

0 

39 

0 

24 

24, 

45 

0 

37 

0 

39 

0 

28 

0 

32 

0 

85 

0 

25 

25, 

58 

0 

34 

0 

35 

0 

22 

0 

10 

0 

- 

- 

26 

26, 

57 

0 

- 

- 

- 

- 

16 

0 

11 

0 

47 

0 

27 

27, 

45 

0 

22 

0 

27 

0 

32 

0 

14 

0 

123 

0 

28 

28, 

25 

0 

42 

0 

38 

0 

28 

0 

- 

- 

52 

0 

29 

29. 

- 

- 

- 

- 

47 

0 

8 

0 

42 

0 

27 

0 

30 

30, 

39 

0 

- 

- 

45 

0 

- 

- 

- 

- 

40 

0 

31 

31, 

38 

0 

- 

- 

49 

0 

- 

- 

10 

- 

- 

- 

32 

Ave 

rage. 

63 

- 

48 

- 

41 

- 

32 

- 

18 

- 

33 

- 
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in  Filtered  Water  collected  from  a  Tap  at  the  Experiment  Station. 


July. 

August. 

Septembeb. 

October. 

NOVEMBEK. 

December. 

OS 

a 

i 

c 

3 

a 

'5 

a 

.5 

c 

3 

a 

.5 

'5 
1 

.5 

c 

3 

a 

il 

C3 

=§1 

as 
03 

=31 

3i 

11 

^ 

a 

^ 

n 

^ 

M 

fe: 

M 

^ 

M 

^ 

« 

28 

0 

50 

0 

21 

0 

- 

- 

41 

0 

19 

0 

1 

- 

- 

22 

0 

15 

0 

14 

0 

24 

0  ' 

5 

0 

2 

58 

0 

76 

0 

- 

- 

63 

0 

46 

0 

- 

- 

3 

- 

- 

43 

0 

- 

- 

18 

0 

23 

0 

53 

0 

4 

33 

0 

46 

0 

12 

0 

49 

0 

- 

- 

27 

0 

5 

33 

0 

- 

- 

34 

0 

32 

0 

19 

0 

34 

0 

6 

83 

0 

50 

0 

39 

0 

24 

0 

32 

0 

10 

0 

7 

33 

0 

27 

0 

25 

0 

- 

- 

87 

0 

52 

0 

8 

- 

- 

30 

0 

17 

0 

21 

0 

36 

0 

12 

0 

9 

23 

0 

50 

0 

- 

- 

14 

0 

46 

0 

- 

- 

10 

80 

0 

48 

0 

33 

0 

25 

0 

27 

0 

22 

0 

11 

63 

0 

35 

0 

22 

0 

11 

0 

- 

- 

10 

1 

12 

22 

0 

- 

- 

41 

0 

18 

0 

84 

0 

63 

0 

13 

26 

0 

23 

0 

28 

0 

- 

- 

20 

0 

24 

0 

14 

4 

0 

31 

0 

37 

0 

- 

- 

- 

- 

23 

0 

15 

- 

- 

57 

0 

35 

0 

59 

0 

25 

0 

68 

0 

18 

15 

0 

63 

0 

- 

- 

32 

0 

29 

0 

- 

- 

17 

9 

0 

27 

0 

22 

0 

9 

0 

38 

0 

14 

0 

18 

10 

0 

14 

0 

47 

0 

34 

0 

- 

- 

18 

0 

19 

24 

0 

- 

- 

33 

0 

35 

0 

44 

0 

6 

0 

20 

20 

0 

18 

0 

16 

0 

23 

0 

41 

0 

17 

0 

21 

12 

0 

20 

0 

17 

0 

- 

- 

29 

0 

16 

1 

22 

2 

0 

24 

0 

33 

0 

57 

0 

34 

0 

20 

0 

23 

22 

0 

14 

0 

- 

- 

37 

0 

20 

0 

-  • 

- 

24 

19 

0 

29 

0 

110 

0 

21 

0 

37 

0 

- 

- 

25 

7 

0 

16 

0 

36 

1 

23 

0 

- 

- 

24 

0 

26 

12 

0 

- 

- 

30 

0 

95 

0 

41 

0 

24 

0 

27 

24 

0 

25 

0 

23 

0 

18 

0 

16 

0 

16 

0 

28 

19 

0 

4 

0 

20 

0 

- 

- 

80 

1 

21 

0 

29 

- 

- 

12 

0 

- 

- 

24 

0 

- 

- 

20 

0 

30 

30 

0 

15 

0 

- 

- 

35 

0 

- 

- 

- 

- 

31 

23 

- 

32 

- 

31 

- 

32 

38 

- 

25 

- 

32 
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Summary  of  Bacterial  Analyses,  1899. 


Samples  from— 

Average 
Number  of 
Bacteria 
per  Cubic 

Cen- 
timeter. 

Per  Cent. 

Removed 

(EfBciency). 

Number  of 
Samples 
Tested  for 

B.  Coli 
Communis. 

Number  of 

Times 

B.  Coll 

Communis 

was  found. 

Average 
Number  of 

B.  Coli 
Communis. 

Per  Cent,  of 
Samples 

Containing 
B.  Coll 

Communis. 

River  at  experiment  station,  . 
River  at  intake  of  filter,  . 

City  filter 

Outlet  of  reservoir, . 
Tap  at  City  Hall,     . 
Tap  at  experiment  station,     . 

13,900 
5,800 
55 
64 
43 
35 

99.05 

114 
180 
189 

187 

300 

114 

179 

45 

13 

12 

103 

47 

100.00 

99.44 

23.81 

6.95 

4.00 

As  previously  stated,  the  samples  of  filtered  water  have  probably 
never  contained  more  than  one  B.  coli  communis  per  cubic  centimeter, 
and  the  table  shows  that  the  average  number  in  the  water  applied  to 
the  filter  has  been  47  per  cubic  centimeter;  that  is,  179  samples  of 
the  river  water  at  the  intake  contained  8,413  B.  coli  cominunis  and 
189  samples  of  the  efiluent  of  the  filter  contained  45  B.  coli  com- 
munis, —  a  removal  of  99.49  per  cent. 


Averages  of  the 
Merrimack 


Chemical  Analyses  of  Merrimack  River  Water 

Filtered  Water,  1899. 
River  Water  as  it  flows  upon  the  Lawrence  City  Filter. 

[Parts  per  100,000.] 


and 


Tempera- 
ture. 

Deg.  F. 

u 

o 

o 

Ammonia. 

c 
a 

Nitrogen  as 

a 

s 

1 

1899. 

6 

£ 

ALBUMINOID. 

"3 
1 

3 
a 
o 
CO 

1 

a 

January, 

33 

.40 

.0052 

.0133 

.0129 

.14 

.019 

.0000 

.38 

0.9 

February, 

33 

.34 

.0099 

.0192 

.0170 

.15 

.020 

.0001 

.36 

0.9 

March,  . 

34 

.37 

.0048 

.0140 

.0129 

.19 

.017 

.0001 

.38 

0.9 

April,    . 

43 

.35 

.0025 

.0163 

.0119 

.13 

.012 

.0001 

.41 

0.7 

May, 

59 

.37 

.0064 

.0155 

.0145 

.17 

.012 

.0002 

.34 

1.0 

June,     . 

72 

.42 

.0095 

.0213 

.0160 

.29 

.012 

.0003 

.73 

1.3 

July,      . 

76 

.37 

.0142 

.0246 

.0166 

.32 

.010 

.0003 

.33 

1.5 

August, 

78 

.35 

.0089 

.0251 

.0159 

.27 

.013 

.0003 

.35 

1.4 

September, 

67 

.32 

.0310 

.0274 

.0224 

.34 

.012 

.0007 

.34 

1.7 

October, 

57 

.28 

.0209 

.0230 

.0195 

.36 

,015 

.0006 

.32 

1.7 

November, 

41 

.37 

.0112 

.0238 

.0193 

.32 

.018 

.0003 

.48 

1.2 

December, 

34 

.33 

.0109 

.0206 

.0175 

.29 

.016 

.0002 

.42 

1.3 

Average, 

52 

.36 

.0113 

.0203 

.0164 

.25 

.015      .0003 

.36 

1.2 
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Effluent  from  the  City  Filter. 

[Parts  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

c 

o 
o 

Ammonia. 

o 

Nitrogen  as 

1 

3 

a 
o 

1899. 

ALBDMINOID. 

1 

1 

o 

2 

a 
o 

c 

m 

January, 

34 

.40 

.0090 

.0099 

.0099 

.16 

.038 

.0000 

.33 

1.2 

February, 

35 

.35 

.0099 

.0102 

.009 

.17 

.044 

.0000 

.27 

1.5 

March,  , 

34 

.31 

.0103 

.0074 

.0074 

.21 

.036 

.0000 

.25 

1.3 

April,    . 

43 

.39 

.0107 

.0075 

.0073 

.15 

.036 

.0001 

.25 

1.4 

May,      .        . 

60 

.31 

.0065 

.0067 

.0065 

.17 

.040 

.0000 

.22 

1.4 

June,    . 

72 

.47 

.0090 

.0103 

.0095 

.31 

.017 

.0007 

.19 

■1.8 

July,     . 

72 

.31 

.0063 

.0077 

.0072 

.32 

.025 

.0001 

.16 

1.8 

August, 

75 

.33 

.0077 

.0066 

.0061 

.24 

.044 

.0001 

.20 

1.7 

September, 

65 

.24 

.0057 

.0083 

.0079 

.36 

.032 

.0003 

.15 

1.9 

October, 

58 

.23 

.0048 

.0073 

.0073 

.37 

.039 

.0000 

.15 

2.0 

November,   . 

43 

.34 

.0093 

.0086 

.0084 

.34 

.040 

.8000 

.29 

1.8 

December,    . 

37 

.33 

.0103 

.0094 

.0090 

.30 

.045 

.0001 

.26 

1.9 

Average, 

52 

.33 

.0083 

.0083 

.0080 

.26 

.036 

.0001 

.23 

1.6 

Water  from  the  Outlet  of  the  Distributing  Reservoir. 

[Parts  per  100,000.] 


Tempera- 
ture. 

Beg.  F. 

i 

Ammonia. 

0 
0 

Nitrogen  as 

§ 

=  § 

0 

1S99. 

6 

albuminoid. 

i 
g. 

%4 

■3 
0 

2. 
3 

0 
tn 

c 

January, 

34 

.40 

.0077 

.0101 

.9095 

.17 

.049 

.0000 

.31 

1.3 

February, 

35 

.34 

.0079 

.0099 

.0096 

.17 

.049 

.0000 

.27 

1.5 

March,  . 

35 

.30 

.0075 

.0078 

.0078 

.21 

.044 

.0000 

.25 

1.3 

April,    . 

43 

.32 

.0058 

.0073 

.0071 

.18 

.040 

.0001 

.23 

1.3 

May,      . 

59 

.32 

.0005 

.0074 

.0072 

.17 

.034 

.0000 

.25 

1.2 

June,     . 

69 

.28 

.0010 

.0083 

.0075 

.29 

.033 

.0000 

.15 

1.6 

July,      . 

74 

.21 

.0010 

.0076 

.0074 

.32 

.035 

.0002 

.15 

1.7 

August, 

73 

.17 

.0014 

.0070 

.0069 

.34 

.039 

.0004 

.17 

1.5 

September, 

66 

.16 

.0012 

.0076 

.0074 

.35 

.048- 

.0001 

.15 

1.6 

October, 

57 

.18 

,0007 

.0073 

.0070 

.38 

.053 

.0000 

.12 

1.7 

November, 

43 

.32 

.0020 

.0093 

.0087 

.35 

.049 

.0000 

.23 

1.6 

December, 

36 

.34 

.0066 

.0111 

.0102 

.32 

.044 

.0001 

.26 

1.8 

Average, 

52 

.28 

.0036 

.0084 

.0080 

.27 

.043 

.0001 

.21 

1.5 
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Water  from  a  Tap  at  Lawrence  City  Hall. 

[Parts  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

o 
o 

Ammonia. 

c 

o 

Nitrogen  as 

•6 

a 

9 

a 

c  o 
a" 

o 

1S99. 

6 
Em 

"3 

c 

1 

'fc- 

9^ 

a 

January, 

37 

.39 

.0063 

.0093 

.16 

.048 

0 

.30 

1.4 

February, 

39 

.33 

.0056 

.0090 

.18 

.047 

0 

.26 

1.4 

March, 

38 

.30 

.0064 

.0072 

.21 

.043 

0 

.25 

1.3 

April, 

44 

.31 

.0051 

.0071 

.18 

.040 

0 

.23 

1.3 

May,  . 

58 

.39 

.0005 

.0071 

.19 

.034 

0 

.24 

l.S 

June,. 

69 

.23 

.0007 

.0068 

.29 

.035 

0 

.16 

1.5 

July,  . 

73 

.18 

.0004 

.0071 

.33 

.036 

0 

.14 

1.6 

AugUBt, 

72 

.17 

.0003 

.0062 

.34 

.044 

0 

.17 

1.5 

September, 

66 

.11 

.0006 

.0069 

.35 

.056 

0 

.14 

1.6 

October,    . 

59 

.16 

.0002 

.0063 

.39 

.052 

0 

.13 

l.S 

November, 

46 

.31 

.0020 

.0091 

.34 

.050 

0 

.12 

l.T 

December, 

46 

.36 

.0069 

.0107 

.32 

.048 

0 

.28 

1.7 

Averai 

^1 

54 

.27 

.0028 

.0077 

.27 

.044 

0 

.21 

1.5 

Water  from  a  Tap  at  Lawrence  Experiment  Station. 

[Parts  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

1 
o 

Ammonia. 

o 

o 

NiTBOGEN  AS 

•d 

a 

3 

c 
c  o 

o 

1899. 

6 

•a 
o 
a 

< 

g 
S 

2 

a 

■3 

January,    . 

43 

.36 

.0027 

.0087 

.16 

.051 

« 

.27 

1.4 

February, . 

40 

.32 

.0039 

.0085 

.18 

.049 

0 

.25 

1.4 

March, 

41 

.29 

.0036 

.0071 

.21 

.044 

0 

.23 

1.2 

April, 

43 

.27 

.0020 

.0066 

.18 

.043 

0 

.21 

1.3 

May,  . 

52 

.22 

.0001 

.0057 

.20 

.037 

0 

.20 

1.3 

June, 

62 

.14 

.0002 

.0061 

.29 

.037 

0 

,15 

1.5 

July,  . 

67 

.10 

.0002 

.0058 

.33 

.038 

0 

.13 

1.7 

August,     . 

70 

.12 

.0002 

.0060 

.34 

.045 

0 

.17 

1.5 

September, 

64 

.11 

.0006 

.0069 

.35 

.043 

0 

.14 

1.6 

October,    . 

59 

.13 

.0002 

.0059 

.38 

.052 

0 

.12 

1.7 

November, 

51 

.28 

.0004 

.0079 

.34 

.048 

0 

.19 

1.8 

December, 

48 

.30 

.0037 

.0092 

.32 

.045 

0 

.28 

1.7 

Average, 

53 

.22 

.0015 

.0070 

.27 

.044 

0 

.20 

1.5 
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Filters  Nos.  3B  and  8  A. 

These  two  filters  were  first  put  into  operation  during  the  last  part 
of  September,  1893.  When  first  constructed,  they  contained  over 
gravel  underdrains  5  feet  in  depth  of  sand  of  an  eifective  size  of 
0.23  millimeter,  this  being  the  same  grade  as  a  large  proportion  of 
the  sand  placed  in  the  city  filter.  Each  filter  is  2^-0  of  ^^  ^cre  in 
area,  and  Filter  No.  3B  has  always  been  operated  as  an  intermittent 
filter,  with  its  surface  free  from  water  for  about  two  hours  each  day, 
and  its  outlet  open  and  the  filter  draining,  so  that  air  enters  the 
interstices  of  the  sand  of  the  filter  to  a  certain  extent  daily.  Filter 
No.  8  A,  on  the  other  hand,  has  always  been  operated  as  a  continu- 
ous filter,  and  its  surface  has  never  been  intentionally  freed  from 
water  except  at  times  when  it  was  necessary  to  remove  the  accumu- 
lated organic  matter  and  silt  from  the  surface ;  that  is,  no  air  has 
been  allowed  to  enter  this  filter,  except  at  times  of  scraping,  beyond 
the  air  dissolved  in  the  water  applied. 

The  results  obtained  from  these  two  filters,  in  regard  to  daily 
bacterial  efficiency,  the  percentage  removal  of  B.  prodigiosus  germs 
applied  for  purposes  of  experiment,  etc.,  have  been  given  in  each 
annual  report,  and  at  the  present  time  a  summary  of  many  of  the 
results  of  their  operation  since  March  26,  1895,  not  as  yet  given  in 
the  reports,  is  here  presented. 

Summary. 
Upon  March  26,  1895,  after  they  had  been  in  operation  for  one  year 
and  six  months  and  a  certain  depth  of  sand  removed  by  scraping, 
they  were  refilled  with  clean  sand  to  their  original  depth.  Each 
filter  was  first  scraped,  and  the  first  few  inches  of  the  new  sand 
applied  to  the  surface  was  thoroughly  mixed  with  the  upper  few 
inches  of  the  old  sand  remainino-  in  the  filter. 

Rates  of  Operation  and  Depth  and  Volume  of  Sand  removed. 
Upon  Dec.  31,  1899,  after  they  had  been  in  operation  for  four 
years  and  nine  months  from  the  date  of  refilling,  the  depth  of  sand 
remaining  in  Filter  No.  3B  was  27^  inches  and  in  Filter  No.  8  A 
28%  inches ;  that  is  to  say,  in  order  to  keep  the  filters  in  operation 
at  the  rates  desired,  323/2  inches  of  sand  had  been  removed  from 
Filter  No.  3B  and  31l^  inches  from  Filter  No.  8  A. 
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The  average  rate  of  operation  of  Filter  No.  3B  during  different 
portions  of  this  period  had  varied  from  1,300,000  gallons  per  acre 
daily  to  3,850,000  gallons  per  acre  daily,  and  a  volume  of  water 
equal  to  4,130,000,000  gallons  upon  an  area  of  one  acre  had  passed 
through  the  filter  ;  this  volume  being  equal  to  the  volume  that  would 
have  passed  through  a  filter  one  acre  in  area  if  it  had  been  operated 
for  each  day  of  the  1,736  days  in  the  period  under  discussion  at  an 
average  rate  of  2,380,000  gallons  per  acre  daily.  In  the  table  on 
page  508  the  rate  is  given  according  to  the  actual  days  of  operation. 
The  depth  of  sand  removed,  32^  inches,  equals  .78  of  an  inch  for 
each  100,000,000  gallons  of  water  filtered  per  acre,  and  the  volume 
of  sand  removed  would  equal  4,646  cubic  yards  upon  an  acre,  or 
1.12  cubic  3^ards  per  1,000,000  gallons  of  water  filtered. 

Filter  No.  8  A  was  operated,  during  different  portions  of  this 
period  of  four  years  and  nine  months,  at  average  rates  varying  from 
1,750,000  gallons  per  acre  daily  to  4,440,000  gallons  per  acre  daily, 
and  through  this  filter  had  passed  a  volume  of  water  equal  to  5,022,- 
000,000  gallons  through  an  area  of  one  acre ;  that  is,  the  volume 
of  water  was  equal  to  the  volume  that  would  have  passed  through 
a  filter  one  acre  in  area  if  it  had  been  operated  during  the  entire 
period  of  1,736  days  at  an  average  rate  of  2,900,000  gallons  per 
acre  daily.  The  depth  of  sand  removed  equalled  .62  of  an  inch  for 
each  100,000,000  gallons  of  water  filtered,  and  the  volume  of  sand 
removed  equalled  4,378  cubic  yards  upon  an  area  of  one  acre,  or 
.88  of  a  cubic  yard  per  1,000,000  gallons  of  water  filtered. 

In  the  tables  on  pages  508  and  509  two  columns  will  be  found, 
giving  the  actual  rate  of  filtration  during  different  periods  of  opera- 
tion and  the  prescribed  rate  at  which  it  was  intended  that  each  filter 
should  be  operated.  With  Filter  No.  8  A,  during  a  large  portion 
of  each  period,  the  actual  rate  equalled  the  prescribed  rate ;  but,  as 
there  were  always  several  days  just  after  scraping  and  always  sev- 
eral days  just  before  scraping  when  the  actual  rate  did  not  equal  the 
rate  prescribed,  the  average  actual  rate  of  the  period  is  always  less 
than  the  prescribed  rate.  Owing,  however,  to  the  uncovering  of 
the  surface  of  Filter  No.  3B  and  the  admission  of  air  to  its  pores, 
the  frictional  resistance  of  the  filter  to  the  flow  of  water  was  in- 
creased, as  shown  by  the  smaller  percentage  that  the  actual  rate  that 
could  be  followed  with  Filter  No.  3B  was  of  the  prescribed  rate 
than  was  the  actual  rate  of  Filter  No.  8 A  of  the  prescribed  rate; 
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that  is  to  say,  the  actual  rate  of  Filter  No.  3B  was  only  75  per 
cent,  of  the  prescribed  rate,  while  the  actual  rate  of  filtration  of 
Filter  No.  8  A  was  94  per  cent,  of  the  prescribed  rate.  From  the 
same  table  it  will  be  found  that,  in  order  to  keep  Filter  No.  3B 
in  operation  at  a  rate  approaching  that  desired,  it  was  necessary 
to  scrape  this  filter  72  times  during  this  period  from  March  26, 
1895,  to  Dec.  31,  1899,  and  the  average  depth  of  sand  removed  per 
scraping  was  .46  of  an  inch.  In  order  to  keep  Filter  No.  8  A  in 
operation  at  a  rate  approaching  that  desired,  it  was  necessary  to 
scrape  it  59  times ;  but  once,  for  purpose  of  experiment,  —  Oct.  5, 
1898,  —  two  inches  in  depth  of  sand  was  removed,  thus  increasing 
the  total  number  of  scrapings  to  60,  and  the  average  depth  of  sand 
removed  per  scraping  was  .52  of  an  inch.  This  extra  scraping  and 
the  sand  removed  are  included  in  all  calculations  of  average  depth  of 
scrapings,  volume  of  sand  removed,  etc.,  in  the  summary. 

Gallons  of  Wafer  passed  j^er  Scraping. 
The  length  of  the  different  periods  of  operation  at  various  rates 
of  filtration  are  given  in  the  tables  on  pages  508  and  509,  and  the 
volume  of  water  passed  per  scraping  during  each  period  of  opera- 
tion at  different  rates  is  shown  by  the  following  tables  :  — 


Filter  No.  3B. 


Million 

Gallons  of  Water 

passed 

per  Scraping. 


3,850,000 
1,300,000 
3,560,000 
3,470,000 
2,800,000 
1,980,000 
2,590,000 
2,110,000 
2,320,000 


82.4 
44.1 
79.2 
40.8 
54.2 
47.5 
44.9 


Average  volume, 
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Filler  No.  8  A. 


Million 

Gallons  of  Water 

passed 

per  Scraping. 


Average  volume, 


4,440,000 
1,750,000 
4,240,000 
2,250,000 
3,250,000 
2,150,000 
3,260,000 


76.0 
57.0 
86.0 
77.0 
89.0 
146.0 
79.0 


77.3 


It  is  evident  from  these  figures  that  the  average  volume  of  water 
passed  per  scraping  was  more  uniform  with  Filter  No.  8  A  than  with 
Filter  No.  3  B,  and  that,  taking  the  entire  period  given,  it  is  difficult 
to  see  that  there  is  much  difference  in  the  volume  passed  per  scrap- 
ing during  cold  or  warm  Aveather  (seasons  given  on  tables,  pages  508 
and  509)  ;  although  what  slight  showing  there  is  in  this  respect  indi- 
cates that  the  access  of  cold  air  into  Filter  No.  3B  at  times  of  un- 
covering during  winter  weather  increased  the  frictional  resistance 
more  than  did  the  access  of  air  during  warmer  weather.  The  large 
-volume  of  water  passed  per  scraping  during  Period  No.  6,  Filter 
No.  8  A,  was  due  to  the  fact  that  during  the  previous  period  two 
inches  in  depth  of  sand  was  at  one  time,  for  purposes  of  experi- 
ment, scraped  from  the  filter. 


Bacterial  Efficiency  at  Different  Rates. 
From  a  study  of  the  tables  given  on  pages  508  and  509,  it  will  be 
noted  that  the  average  bacterial  efficiency  of  Filter  No.  3B  during 
every  period  but  one  was  99  per  cent,  or  more,  and  that  the  aver- 
age bacterial  efficiency  of  Filter  No.  8  A  was  above  99  per  cent, 
during  each  of  the  periods  of  operation  at  different  rates.  It  will 
also  be  noted  that  with  Filter  No.  8  A  the  bacterial  efficiency  was 
practically  the  same  at  whatever  rate  operated  within  the  limits  fol- 
lowed, and  the  efficiency  at  the  end  of  the  period,  when  there  was 
only  one-half  as  great  a  depth  of  sand  within  the  filter,  was  equal  to 
that  at  the  beginning  of  the  period.  With  Filter  No.  3B,  at  the  end 
of  the  period,  with  one-half  the  depth  of  sand  in  the  filter  that  was 
present  at  the  beginning  of  the  period,  the  efficiency  was  somewhat 
less,  but  only  a  fraction  of  a  per  cent.,  this  end  efficiency  being  over 
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'99  per  cent.  The  bacterial  efficiency  of  Filter  No.  3B  for  the  en- 
tire period,  obtained  by  averaging  all  the  bacterial  results,  was  99.42 
per  cent.  ;  and  the  bacterial  efficiency  of  Filter  No.  8  A,  calculated 
in  the  same  way,  was  99.65  per  cent. 


Number  of  Bacteria  in  the  Effluent. 
During  all  this  period  determinations  of  the  number  of  bacteria 
present  in  the  effluents  of  the  filters  were  made  by  examining  always 
aX  least  two  samples  per  day  from  each  filter,  and  generally  three 
samples.  The  number  of  times  that  the  average  daily  number  of 
bacteria  in  the  effluents  was  greater  than  100  per  cubic  centimeter 
is  shown  by  the  following  tables,  giving  the  number  first  by  years 
and  second  by  the  subdivisions  of  the  entire  period  already  noted, 
when  the  rates  of  filtration  varied  :  — 

Numhtr  of  Times  that  the  Bacteria  in  the  Effluents  of  Filters  Nos.  3  B  and  8  A 
exceeded  100  per  Cubic  Centimeter  (by  Years'). 


Filter 

Filter 

Filter 

Filter 

Ko.  3B. 

No.  8  A. 

No.  3B. 

No.  8  A. 

1895, 

6 

3 

1898, 

13 

6 

U896, 



21 

12 

1899, 

40 

13 

4897, 

53 

19 

Number  of  Times  that  the  Bacteria  in  the  Effluents  of  these  Two  Filters  exceeded 
100 per  Cubic  Centimeter  (by  Periods). 

Filter  No.  3  B. 


Rate  (Million  Gallons 
PER  Acre  Daily). 

Actual. 

Prescribed. 

Times. 

Mar.    26,  1895,  to  Nov.  23, 1895 
Nov.   24,  1895,  to  Apr.  19,  1896 
Apr.   20,  1896,  to  June  28,  1896 
June   29,  1896,  to  June  30,  1897 
July      1,  1897,  to  Jan.     6,1898 
Jan.      7, 1898,  to  Aug.    7,  1898 
Aug.     8,  1898,  to  Nov.  13,  1898 
Nov.   14,  1898,  to  Aug.    8,  1899 
Aug.     9,  1899,  to  Dec.  31,  1899 

3.85 
1.30 
3.56 
3.47 
2.80 
1.98 
2.59 
2.11 
2.32 

5.00 
1.50 
4.00 
5.00 
4.00 
2.50 
4.00 
2.00 
4.00 

6 

7 
0 
50 
21 

1 
2 
29 
17 

Filter  No.  8  A. 


Mar.   27, 1895,  to  Nov.  24,  1895 

4.44 

5.00 

3 

Nov.   25,  1895,  to  Apr.  18,  1896,  . 

1.75 

2.00 

0 

Apr     19,  1896,  to  Jan.     6,  1898,  . 

4.24 

4.00 

33 

Jan.      7,  1898,  to  Aug.    7,  1898,  . 

2.25 

2.50 

1 

Aug.     8,  1898,  to  Nov.  13,  1898,  . 

3.25 

4.00 

3 

Nov.   14,  1898,  to  Aug.    8,  1899,  . 

2.15 

2.00 

8 

Aug.     9,  1899,  to  Dec.  31,  1899,  . 

3.26 

4.00 

5 
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Maximum  Rate  of  Sand. 
At  the  time  these  two  filters  were  first  started  the  sand  placed  in 
them  had  a  maximum  rate  of  43,000,000  gallons  per  acre  daily ;  that 
is  to  say,  with  the  surface  of  the  filters  covered  with  water,  with  a 
free  outlet  and  with  a  loss  of  head  equal  to  the  depth  of  the  filter, 
this  volume  of  water  would  pass  through  an  acre  of  this  sand  in 
twenty-four  hours.  The  maximum  rate  has  decreased  steadily  on 
account  of  the  accumulation  of  organic  matter  within  the  filter  by 
the  seven  years  of  operation,  but  it  is  now  about  70  per  cent,  of  that 
at  the  start.  The  period  between  scrapings  at  the  present  time  and 
in  the  case  of  each  filter  and  the  volume  of  water  passed  between 
scrapings  are,  under  similar  conditions,  practically  the  same,  as  far 
as  can  be  ascertained,  as  at  the  beginning  of  the  period  of  operation. 
The  filters  are  operated  with  nearly  the  same  actual  head  now  as  at 
the  beginning  of  the  period ;  that  is  to  say,  at  that  time  there  was 
about  5  feet  6  inches  in  depth  of  water  and  sand,  and  the  depth  of 
sand  was  5  feet ;  at  the  present  time  there  is  practically  the  same 
depth  of  water  and  sand,  but  the  depth  of  water  over  the  sand  is 
nearly  half  the  total  depth.  The  tables  on  the  following  pages,  giv- 
ing the  average  chemical  and  bacterial  analyses  of  the  water  applied 
to  and  the  efliuents  from  these  two  filters,  show  that  both  of  them  at 
the  present  time  purify  the  water  as  well,  both  chemically  and  bac- 
terially,  as  when  a  greater  depth  of  sand  was  in  them ;  and  each  is 
practically  as  efficient  in  removing  color  from  the  applied  water  as 
at  any  time  since  the  first  month  or  two  of  their  operation. 

Removal  or  Oeganic  Matter. 

Chemical  Results  of  Filters  JSfos.  3  B  and  8  A  during  the  Period 

1893-99  inclusive. 
The  three  following  tables  give  the  average  yearly  analyses  of  the 
canal  water  applied  to  these  filters  during  the  entire  period  of  their 
operation  up  to  Jan.  1,  1900,  and  the  average  yearly  analyses  of  the 
efiluents  of  the  filters.  The  two  tables  beyond  these  give  the  actual 
percentage  of  coloring  matter  and  organic  matter  removed  from  the 
applied  water  during  the  period  by  filtration  through  these  filters, 
as  shown  by  the  determination  of  color  and  of  free  and  albuminoid 
ammonia  and  oxygen  consumed. 
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For  doing  this  work  of  removal  of  organic  matter  by  oxidation, 
Filter  No.  3B  has  always  been  supplied  with  more  air  than  Filter 
No.  8  A,  owing  to  its  method  of  operation,  and  the  effluent  of  the 
filter  has  always  contained  as  much,  or  nearly  as  much,  free  oxygen 
as  the  water  applied.  Filter  No.  8  A,  on  the  other  hand,  has  had  to 
perform  its  work  of  oxidation  with  only  the  oxygen  that  enters  it 
with  the  water  applied.  This  has  always  been  sufficient  in  volume 
to  produce  oxidation  of  organic  matter  within  the  filter  and  not 
become  exhausted  by  the  process  of  oxidation,  as  denoted  by  its 
unfailing  presence  in  the  effluent  of  the  filter.  During  the  summer 
of  1899,  however,  owing  to  the  small  volume  of  water  flowing  in  the 
river  and  its  consequent  degree  of  pollution,  the  amount  of  dissolved 
oxygen  in  the  effluent  of  the  filter  was  very  small,  showing  that  the 
river  water  was  for  a  time  in  a  condition  approaching  that  where 
continuous  filtration  of  it  could  not  be  successfully  followed  without 
preliminary  aeration  of  the  water. 


Yearly  Averages  of  Chemical  Analyses  of  Canal  Water  {Merrimack  River). 

■^  [Parts  per  100,000.] 


u 

o 

Ammonia. 

c 
1 

Nitrogen  as 

■d 

i 

3 

s 
o 

1 

®5g 

^ 

ALBUMINOID. 

1 

Year. 

o 

6 

o 

1893, 

.39 

.0087 

.0183 

- 

.21 

.013 

.0002 

.45 

91 

1894, 

.41 

.0071 

.0188 

.0156 

.22 

.014 

.0001 

.40 

80 

1895, 

.46 

.0087 

.0215 

.0176 

.24 

.017 

.0002 

.47 

78 

1896, 

.40 

.0085 

.0177 

.0159 

.21 

.016 

.0001 

.41 

88 

1897, 

.45 

.0042 

.0176 

.0155 

.19 

.019 

.0000 

.44 

86 

1898, 

.45 

.0057 

.0181 

.0154 

.22 

.016 

.0001 

.42 

84 

1899, 

.34 

.0102 

.0182 

.0159 

.24 

.018 

.0003 

.35 

78 

Aver 

ige. 

.41 

.0076 

.0186 

.0160 

.22 

.016 

.0001 

.42 

83  J 
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Yearly  Averages  of  Chemical  Analyses  of  Effluent  of  Filter  No.  3  B. 

[Parte  per  100,000.] 


Quantity  of 
Effluent. 

Gallons 

per 

Acre  Daily. 

i 

o 

o 

Ammonia. 

S 

Nitrogen  as 

i 

3 

c 
o 

o 

Ybak. 

"2 

O 

c 

a 

< 

i 

i 

1893, 
1894, 
1895, 
1896, 
1897, 
1898, 
1899, 

1,899,000 
2,451,000 
2,883,000 
2,834,000 
3,276,000 
2,317,000 
2,163,000 

.62 
.28 
.32 
.29 
.35 
.29 
.20 

.0032 
.0020 
.0041 
.0013 
.0018 
.0011 
.0017 

.0139 
.0089 
.0093 
.0091 
.0100 
.0091 
.0069 

.21 
.22 
.24 
.21 
.19 
.22 
.25 

.019 
.030 
.033 
.026 
.032 
.039 
.054 

.0003 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.34 

.29 
.33 
.29 
.34 
.30 
.22 

99 
85 
75 
83 
81 
82 
73 

Average, 

2,546,000 

.34 

.0022 

.0096 

.22 

.033 

.0000 

.30 

83 

Yearly  Averages  of  Chemical  Analyses  of  Effluent  of  Filler  No.  8  A. 

[Parts  per  100,000.] 


Ammonia. 

Nitrogen  as 

■d 

5g 

Quantity  of 
Effluent. 

■d 

i 

Year. 

Gallons 

per 

Acre  Daily. 

u 
o 
o 

o 
c 

a 

3 
< 

3 
1 

1 

O 

go 

1893,        

1,893,000 

.42 

.0027 

.0121 

.21 

.018 

.0002 

.32 

92 

1894 

2,561,000 

.27 

.0019 

.0090 

.23 

.027 

.0000 

.29 

64 

1895 

3,378,000 

.32 

.0021 

.0087 

.24 

.029 

.0001 

.33 

53 

1896 

3,678,000 

.29 

.0017 

.0086 

.21 

.027 

.0001 

1     .29 

67 

1897,        

4,247,000 

.32 

.0018 

.0096 

.19 

.031 

.0000 

;    .32 

59 

1898 

2,662,000 

.31 

.0012 

.0094 

.22 

.030 

.0000 

.33 

54 

1899 

2,598,000 

.22 

.0011 

.0076 

.25 

.032 

.0001 

.23 

37 

Average 

3,002,000 

.31 

.0018 

.0093 

.22 

.028 

.0001 

.30 

61 
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Percentage  Removal  of  Coloring  Matter,  Free  Ammonia  and  Organic  Matter 
from  the  River  Water  attained  by  Filters  Nos.  3B  and  8 A. 


FILTER  No.  3B. 

FILTER  No.  8  a. 

Percbntagb  Removal  of 

■d 

Percentage  Removal  of 

•6 

a 

a 

ammonia. 

p 

ammonia. 

Si 
O 

Yeab. 

c 

o 

6 

b 
E^ 

■d 

< 

o 

Yeab. 

o 
o 

a 

2 

o 
I  c 

|a 
< 

1893, 

- 

63 

24 

24 

1893, 

- 

69 

34 

29 

1894, 

32 

72 

53 

28 

1894, 

34 

73 

52 

28 

1896,          .        . 

30 

53 

57 

30 

1895, 

30 

76 

60 

30 

1896, 

28 

85 

49 

29 

1896, 

28 

80 

51 

29 

1897, 

22 

57 

43 

23 

1897, 

29 

57 

45 

27 

1898,          .        . 

36 

81 

50 

29 

1898, 

31 

79 

48 

21 

1899, 

41 

83 

62 

37 

1899, 

Average,  . 

41 

89 

68 

34 

Average,   . 

32 

71 

48 

29 

32 

75 

50 

28 

Difference  between  Average  Nitrates  of  Canal  Water  and  Effluents  of  Filters  Nos, 

3B  and  8 A. 

[Parts  per  100,000.] 


1893, 
1894, 
1896, 

1896, 


Filter 
No.  3B. 


.006 
.016 
.016 
.010 


Filter 
No.  8  A. 


.005 
.013 
.012 
.011 


1897, 
1898, 
1899, 


Average, 


Filter 
No.  3  B. 


.013 
.023 
.036 


.017 


Filter 
No.  8  A. 


.012 
.014 
.014 


.012 


In  the  two  following  tables  the  averages  given  at  the  bottom  of 
the  columns  are  actual  averages  for  the  entire  period  of  operation 
since  March  26,  1895.  Averao-ino:  the  fio-ures  in  the  columns  above 
would  give  different  results,  as  the  length  of  the  periods  varied. 
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Eesults  with  Filters  Nos.  3B  and  8  A  during  1899. 
Summarizing  by  months  the  average  number  of  bacteria  in  the 
water  applied  to  and  the  effluents  from  these  filters,  the  bacterial 
efficiency  of  each  filter  and  the  number  of  samples  examined  each 
month  that  contained  B.  coli  communis,  we  have  the  following 
tables : — 

Average  Number  of  Bacteria  in  Water  applied  to  and  Effluents  from  Filters  Nos. 
3  B  and  8  A,  1899,  and  Bacterial  Efficiency  of  these  Filters. 


Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Canal  water,    . 

4,100 

5,400 

4,400 

1,700 

3,300 

9,600 

4,700 

2,600 

8,100 

7,800 

8,500 

7,500 

Filter  No.  SB, 

50 

152 

87 

- 

64 

48 

32 

94 

10 

38 

63 

109 

Filter  No.  8  A, 

39 

43 

64 

- 

16 

14 

10 

10 

9 

38 

65 

42 

These  figures  show  that  the  average  number  of  bacteria  in  the 
canal  water  during  the  year  was  5,600 ;  in  the  effluent  of  Filter 
No.  3B,  68;  in  the  effluent  of  Filter  No.  8  A,  32;  giving  a  bac- 
terial efficiency  for  the  year  of  98.80  for  Filter  No.  3B  and  99.43 
for  Filter  No.  8  A. 


B.  Coll  Communis  Results  for  1899. 

During  the  year  96.63  per  cent,  of  the  samples  of  canal  water 
examined  contained  B.  coli  communis  in  1  cubic  centimeter,  and 
determinations  of  the  numbers  showed  that  the  average  was  40  per 
cubic  centimeter,  and  that  the  variation  was  from  9  per  cubic  cen- 
timeter in  April  to  104  per  cubic  centimeter  in  July.  With  Filter 
No.  3B  22.27  per  cent,  of  the  samples  examined  contained  B.  coli 
communis  in  1  cubic  centimeter,  and  with  Filter  No.  8  A  14.17  per 
cent,  of  the  samples  examined  during  the  year.  In  other  words,  the 
germ  was  found  in  57  of  the  256  samples  of  effluent  of  Filter  No. 
36  that  were  examined  and  in  35  of  the  247  samples  of  effluent  of 
Filter  No.  8  that  were  examined. 

In  the  last  report  a  statement  was  made  that,  from  the  studies  of 
B.  coli  communis  in  filtered  water,  it  was  thought  probable  that  a 
rate  which  would  be  entirely  safe,  judging  only  from  the  determina- 
tions of  the  total  number  of  bacteria  present,  might  really  be  too 
high  to  produce  safe  water,  judging  from  the  B.  coli  co7nmunis  de- 
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terminations.  Additional  studies  on  this  important  point  have  been 
made,  but,  owing  to  contradictory  results  obtained,  nothing  can  be 
added  to  the  subject  at  this  time.  It  is  evident,  however,  that  the 
statement  then  made,  that  seasonal  variations  of  temperature  afiect 
the  work  of  sand  filters  in  eliminating  B.  coli  communis,  is  true, 
as  a  study  of  the  tables  on  pages  514  to  517  will  make  evident;  the 
poorer  work  being  done  during  the  colder  months  of  the  year. 

When  comparing  the  number  of  times  that  B.  coli  communis  was 
found  in  the  effluents  of  these  filters  during  the  year  with  the  num- 
ber of  times  that  it  appeared  in  the  effluent  of  the  city  filter,  several 
points  of  difference  must  be  considered.  In  the  first  place,  the  rates 
followed  with  these  experimental  filters  were  greater  than  the  rate 
of  filtration  of  the  city  filter ;  the  chief  difference,  however,  is  that 
the  results  from  the  experimental  filter  are  representative  of  the 
operation  of  the  entire  filter,  while,  when  the  germ  was  found  fre- 
quently during  a  certain  portion  of  the  year  in  the  effluent  of  the 
city  filter,  it  was  probably  due,  as  stated,  to  poor  work  in  a 
small  section  of  the  filter,  and  the  actual  number  per  cubic  centi- 
meter in  the  water  from  this  section  were  distributed  throuo-h  the 
entire  filtrate.  The  percentage  of  efficiency  of  Filter  No.  3B  for 
the  year,  as  regards  the  removal  of  B.  coli  communis  (calculated  as 
on  page  496),  was  99.45  per  cent.,  and  of  Filter  No.  8  A,  99.65 
per  cent,  (see  table,  page  517). 

The  tables  following  give  the  average  chemical  and  bacterial 
analyses  of  canal  water  (Merrimack  River)  taken  from  the  Essex 
Company's  canal  and  applied  to  these  filters,  and  also  the  average 
chemical  and  bacterial  analyses  of  the  effluents  of  these  two  filters 
during  the  year  :  — 
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Number  of 

Bacteria  and  B 

Goli  Communis 

per  Cubic 

Day  of  Month. 

January. 

F  EBRD  ART. 

March. 

April. 

May. 

June. 

a 

03 

P3 

c 

a 

a 

n 

a 

Id 
'u 

s 

S 

c 

3 

s 

=§1 

o 
o 

OS 

la 

s 
S 

=§1 

CO 

cq 

3 

a 

11 

.5 
1 

c 

3 

a 

0! 

a 

1 

1 

1, 

- 

- 

4,600 

19 

5,500 

22 

1,100 

- 

500 

0 

12,300 

2 

2, 

4,200 

40 

3,600 

7 

5,000 

31 

- 

- 

3,000 

32 

4,400 

34 

3 

3, 

4,000 

43 

3,800 

38 

4,800 

17 

300 

0 

800 

14 

7,000 

53 

4 

4, 

1,600 

20 

2,700 

8 

7,400 

12 

1,300 

11 

2,700 

10 

- 

- 

5 

5, 

4,500 

0 

- 

- 

- 

- 

1,200 

8 

900 

20 

4,600 

122 

6 

6, 

5,600 

16 

5,200 

16 

9,700 

17 

900 

11 

700 

11 

12,500 

94 

7 

7, 

7,300 

45 

6,000 

12 

8,100 

8 

800 

4 

- 

- 

10,300 

96 

8 

8, 

- 

- 

5,100 

20 

4,300 

8 

200 

10 

1,200 

17 

12,100 

216 

9 

9, 

4,100 

19 

4,700 

52 

6,700 

10 

- 

- 

1.300 

17 

11,600 

13 

10 

10, 

1,300 

32 

3,100 

26 

4,000 

9 

900 

14 

1,200 

9 

5,600 

0 

11 

11. 

3,800 

53 

16,400 

1 

4,300 

11 

900 

30 

1,200 

38 

- 

- 

12 

12, 

2,900 

37 

- 

- 

- 

- 

1,500 

- 

1,000 

28 

7,300 

48 

13 

13, 

2,900 

27 

7,000 

4 

8,300 

36 

1,500 

13 

2,700 

21 

2,000 

23 

14 

14. 

2,600 

142 

4,700 

77 

5,500 

12 

1,300 

6 

- 

- 

7,300 

396 

15 

15, 

- 

- 

3,700 

8 

3,800 

17 

800 

3 

1,000 

22 

15,300 

94 

16 

16, 

2,900 

41 

5,500 

34 

3,900 

16 

- 

- 

4,600 

22 

5,000 

12 

17 

17, 

3,200 

47 

9,500 

34 

2,200 

4 

2,600 

10 

2,300 

24 

- 

- 

18 

18, 

4,200 

41 

3,800 

9 

5,000 

8 

2,200 

8 

5,400 

38 

- 

19 

19, 

5,100 

7 

- 

- 

- 

- 

- 

- 

6,000 

38 

1,800 

12 

20 

20, 

4,000 

7 

5,300 

56 

3,300 

0 

4,600 

8 

7,300 

1 

1,000 

22 

21 

21. 

2,600 

12 

4,300 

18 

2,100 

4 

4,100 

11 

- 

- 

4,900 

108 

22 

22, 

- 

- 

- 

- 

1,800 

6 

2,200 

0 

1,800 

33 

10,500 

75 

23 

23, 

3,200 

7 

6,800 

29 

2,800 

19 

- 

- 

5,100 

63 

21,800 

215 

24 

24, 

2,800 

32 

5,600 

20 

400 

19 

1,900 

3 

5,000 

64 

8,000 

105 

25 

25, 

14,500 

33 

7,400 

3 

1,000 

10 

1,200 

25 

7,000 

7 

- 

- 

26 

26, 

3,100 

19 

- 

- 

- 

- 

1,100 

35 

6,300 

37 

2,900 

37 

27 

27, 

5,800 

44 

2,600 

35 

1,200 

14 

3,600 

18 

6,200 

9 

3,300 

63 

28 

28, 

3,700 

100 

4,300 

46 

2,100 

8 

1,300 

6 

- 

- 

17,600 

93 

29 

29, 

- 

- 

- 

- 

7,100 

15 

2,900 

5 

5,900 

25 

16,000 

108 

30 

30, 

3,200 

6 

_ 

- 

2,300 

0 

- 

- 

- 

- 

28,300 

123 

31 

31, 

4,600 

13 

- 

- 

5,100 

6 

- 

- 

5,500 

90 

- 

- 

32 

Av« 

irage 

4,100 

34 

5,400 

25 

4,400 

13 

1,700 

11 

3,300 

27 

9,300 

90 
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Centimeter  in  the  Canal  Water  {Merrimack  Biver),  1899. 


Jdly. 

August. 

Srptbmber. 

OCTOBKR. 

November. 

December. 

c 

3 

a 

=31 

cq 

.3 

c 
s 

s 

pa 

.5 
CQ 

s 

c 
s 

03 

•c 

1 

c 

3 

S 

cq 

oJ 

c 

3 

a 

n 

12,500 

89 

1,800 

28 

2,100 

29 

5,300 

0 

9,700 

22 

7,900 

76 

1 

- 

- 

2,100 

74 

2,400 

107 

2,400 

9 

12,700 

23 

5,300 

36 

2 

2,900 

34 

3,900 

11 

- 

- 

2,900 

8 

6,200 

19 

- 

- 

3 

- 

- 

2,100 

42 

- 

- 

2,500 

6 

9,200 

54 

7,400 

81 

4 

2,500 

48 

4,300 

15 

600 

0 

- 

- 

- 

- 

11,000 

99 

5 

5,500 

32 

- 

- 

3,100 

16 

3,200 

8 

- 

- 

11,900 

101 

6 

2,200 

100 

1,100 

11 

18,400 

353 

3,500 

2 

9,800 

42 

3,100 

51 

7 

3,300 

24 

1,200 

11 

15,600 

39 

- 

- 

9,800 

74 

8,600 

111 

8 

- 

- 

2,800 

18 

9,400 

15 

1,100 

0 

- 

- 

4,600 

61 

9 

3,700 

110 

3,800 

46 

- 

- 

500 

0 

10,800 

75 

- 

- 

10 

1,700 

285 

2,200 

28 

4,100 

5 

5,700 

8 

3,800 

94 

5,200 

31 

11 

5,700 

- 

8,500 

0 

2,300 

12 

6,800 

6 

- 

- 

3,400 

34 

12 

4,000 

416 

- 

- 

14,300 

32 

2,200 

5 

8,600 

7 

12,000 

53 

13 

5,300 

440 

1,300 

- 

8,500 

8 

- 

- 

11,600 

6 

11,100 

194 

14 

1,700 

24 

1,900 

1 

12,300 

4 

- 

- 

4,700 

65 

9,300 

105 

15 

- 

- 

7,300 

6 

19,200 

6 

200 

6 

10,800 

76 

18,400 

100 

16 

2,400 

36 

4,800 

5 

- 

- 

1,100 

1 

11,000 

39 

- 

- 

17 

3,600 

75 

3,600 

1 

6,200 

15 

5,600 

6 

4,800 

87 

10,500 

42 

18 

6,200 

144 

1,000 

6 

4,000 

9 

85,200 

1 

- 

- 

3,600 

59 

19 

4,000 

306 

- 

- 

7,300 

11 

9,300 

0 

9,500 

30 

5,300 

16 

20 

1,300 

27 

3,000 

53 

4,800 

27 

20,200 

2 

11,000 

38 

10,400 

26 

21 

1,600 

26 

1,800 

3 

15,500 

16 

- 

- 

6,200 

148 

4,900 

152 

22 

- 

- 

1,600 

4 

16,300 

10 

17,400 

54 

11,200 

112 

9,600 

101 

23 

400 

17 

1,800 

25 

- 

- 

700 

14 

11,800 

104 

- 

- 

24 

1,800 

20 

1,200 

26 

2,400 

16 

2,100 

40 

5,500 

64 

- 

- 

25 

2,400 

30 

2,400 

6 

2,800 

6 

4,800 

6 

- 

- 

6,100 

30 

26 

12,400 

165 

- 

- 

6,100 

26 

12,300 

23 

11,200 

26 

5,500 

39 

27 

6,400 

49 

800 

33 

5,400 

20 

3,800 

16 

4,200 

94 

1,300 

44 

28 

9,900 

41 

600 

6 

15,600 

10 

- 

- 

17,900 

118 

3,100 

46 

29 

- 

- 

1,900 

7 

- 

- 

2,000 

5 

- 

- 

7,000 

28 

30 

3,900 

56 

3,300 

71 

- 

- 

1,300 

6 

- 

- 

- 

- 

31 

4,300 

108 

2,700 

21 

8,100 

33 

8,100 

9 

9,200 

57 

7,500 

69 

32 
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Number  of  Bacteria  and  B.  Coli  Communis  per  Cubic 


Januakt.   1 

Februabt.  1 

Makch. 

Mat. 

Jdne. 

Day  of  Month. 

eg 

c 
s 

a 

eq 

■S 

c 

a 

.2 

c 

s 

C  o 

C3 
OS 

a 

s 

a 
if 

1 

a 

1 

1.   • 

- 

- 

40 

0 

204 

1 

- 

- 

19 

0 

2 

2,   . 

44 

1 

40 

170 

1 

- 

- 

12 

0 

3 

3, 

35 

1 

70 

148 

1 

- 

- 

18 

0 

4 

4, 

23 

1 

178 

115 

0 

- 

- 

- 

- 

5 

5,   . 

26 

0 

- 

- 

- 

416 

1 

7 

0 

6 

6, 

9 

0 

207 

68 

0 

518 

1 

13 

0 

7 

7,   . 

85 

0 

345 

31 

0 

- 

- 

12 

0 

8 

8,   . 

- 

- 

317 

38 

1 

85 

0 

15 

0 

9 

9.   . 

100 

0 

303 

47 

0 

67 

0 

12 

0 

10 

10, 

43 

0 

263 

29 

0 

36 

1 

7 

0 

11 

11,   . 

126 

1 

112 

0 

22 

0 

34 

0 

- 

- 

12 

12, 

42 

1 

- 

- 

- 

- 

22 

0 

7 

1 

13 

13, 

97 

0 

55 

0 

16 

0 

28 

0 

10 

0 

14 

14, 

67 

0 

33 

0 

- 

- 

- 

- 

8 

0 

16 

15, 

- 

- 

25 

1 

- 

- 

17 

0 

15 

0 

16 

16, 

64 

0 

24 

0 

- 

- 

24 

0 

26 

0 

17 

17, 

70 

0 

23 

1 

- 

- 

21 

0 

- 

- 

18 

18, 

56 

1 

124 

0 

- 

- 

8 

0 

- 

- 

19 

19, 

61 

1 

- 

- 

- 

- 

17 

0 

5 

0 

20 

20, 

52 

0 

10 

0 

- 

- 

21 

0 

12 

0 

21 

21, 

92 

1 

12 

0 

- 

- 

- 

- 

14 

0 

22 

22, 

- 

- 

- 

- 

- 

- 

9 

0 

9 

0 

23 

23, 

21 

0 

97 

1 

243 

0 

4 

0 

10 

0 

24 

24, 

21 

0 

420 

1 

- 

- 

13 

0 

12 

0 

25 

25, 

26 

1 

290 

1 

- 

- 

37 

0 

- 

- 

26 

26, 

42 

1 

- 

- 

- 

- 

20 

0 

20 

0 

27 

27, 

39 

0 

247 

1 

- 

- 

19 

0 

103 

0 

28 

28, 

38 

0 

238 

0 

53 

1 

- 

- 

91 

0 

29 

29, 

- 

- 

- 

- 

76 

0 

10 

0 

93 

0 

30 

30, 

13 

0 

- 

- 

27 

0 

22 

0 

654 

1 

31 

31, 

19 

0 

- 

- 

- 

- 

18 

0 

- 

- 

32 

A 

vera 

=e, 

51 

- 

152 

- 

86 

- 

64 

- 

48 

- 

Filter  No.  3  B  -was  scraped  on  the  following  dates :  January  6 ;  February  2  a  strip  3J  feet  wide  was 
scraped  across  the  filter  and  raked  2  inches  deep;  February  22,  June  27,  July  26,  October  3,  30,  Novem- 
ber 30  and  December  1.    It  was  drained  on  the  following  dates  :  March  13-28,  March  30,  May  4,  May  7, 
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Centimeter  in  the  Effluent  of  Filter  No, 

3B,1 

899. 

J0LT. 

August.       | 

September. 

OCTOBEB.          1 

November. 

December. 

1 

OS 

P3 

'3 

3 

a 

1 

03 

P5 

B 
3 

a 

5 

u 

1 

c 

3 

a 

3 
o 

as 

3 

P3 

OS 

1 

OS 

B 

c 

3 

a 

288 

1 

39 

0 

20 

0 

- 

- 

90 

1 

- 

- 

1 

- 

- 

20 

0 

4 

0 

15 

0 

145 

1 

- 

- 

2 

56 

0 

7 

0 

- 

- 

7 

0 

135 

1 

- 

- 

3 

- 

- 

11 

0 

- 

- 

5 

0 

82 

0 

61 

0 

4 

34 

0 

16 

1 

8 

0 

9 

1 

- 

- 

37 

0 

5 

96 

0 

- 

- 

40 

0 

5 

0 

29 

0 

412 

1 

6 

21 

0 

4 

0 

35 

0 

60 

0 

83 

0 

310 

1 

7 

15 

0 

9 

0 

47 

0 

- 

- 

42 

0 

174 

0 

8 

- 

- 

8 

0 

41 

0 

23 

0 

73 

0 

106 

1 

9 

33 

0 

8 

0 

- 

- 

28 

0 

19 

0 

- 

- 

10 

8 

0 

1 

0 

27 

0 

93 

1 

11 

0 

57 

1 

11 

15 

0 

3 

0 

39 

0 

199 

0 

- 

- 

173 

0 

12 

2 

0 

- 

- 

68 

0 

144 

1 

7 

0 

90 

0 

13 

3 

0 

10 

0 

45 

0 

- 

- 

14 

0 

144 

1 

14 

4 

0 

8 

0 

25 

0 

- 

- 

12 

0 

148 

1 

15 

- 

- 

43 

0 

12 

0 

62 

0 

22 

0 

101 

0 

16 

4 

0 

1,500 

0 

- 

- 

62 

0 

23 

0 

- 

- 

17 

2 

0 

531 

0 

14 

0 

89 

0 

27 

0 

214 

1 

18 

3 

0 

138 

0 

11 

0 

27 

0 

- 

- 

63 

0 

19 

2 

0 

- 

- 

6 

0 

28 

0 

- 

- 

87 

0 

20 

4 

0 

5 

0 

7 

0 

1 

0 

- 

- 

75 

0 

21 

64 

0 

41 

0 

6 

0 

- 

- 

- 

- 

99 

1 

22 

- 

- 

23 

1 

10 

0 

20 

0 

- 

- 

47 

0 

23 

4 

0 

64 

0 

- 

- 

4 

0 

- 

- 

- 

- 

24 

1 

0 

5 

0 

29 

0 

6 

0 

- 

- 

- 

- 

25 

_ 

_ 

3 

0 

27 

0 

9 

0 

- 

- 

94 

0 

26 

22 

0 

- 

- 

7 

0 

7 

0 

420 

1 

25 

1 

27 

20 

0 

6 

0 

26 

0 

19 

0 

93 

1 

15 

1 

28 

37 

1 

7 

0 

15 

0 

- 

- 

78 

1 

47 

0 

29 

- 

- 

20 

0 

- 

- 

23 

0 

- 

- 

36 

0 

30 

25 

0 

9 

0 

- 

- 

23 

0 

- 

- 

- 

- 

31 

32 

- 

94 

- 

24 

- 

38 

- 

63 

- 

109 

- 

32 

14,  21,  28,  June  4, 11, 18,  25,  July  2,  9,  16, 
was  dug  over  8  inches  deep  December  5. 


23,  August  20,  27,  October  22,  29,  November  12  and  20-26.    It 


516 


STATE  BOARD   OF   HEALTH.         [Pub.  Doc. 


Number  of  Bacteria  and  B.  Goli  Communis  per  Cubic 


Januabt. 

Fkbbuakv.     1 

March. 

Mat. 

June. 

DAT  OF  Month. 

5 

c 

3 

■•si 

s 
1 

c 

a 

a 
?i 

"5 

a 
•■si 

a 

a 

=3i 

1 

a 

=3i 

n 

ca 

» 

M 

B 

«■ 

a 

M 

» 

A 

1 

1 

_ 

_ 

178 

1 

22 

0 

_ 

_ 

9 

0 

2 

2, 

16 

0 

137 

0 

25 

0 

- 

- 

9 

0 

3 

3, 

10 

0 

69 

1 

12 

0 

- 

- 

13 

0 

4 

4, 

6 

1 

114 

1 

29 

0 

- 

- 

_ 

_ 

6 

5, 

8 

0 

- 

- 

- 

- 

92 

1 

8 

0 

6 

6. 

11 

0 

42 

0 

23 

0 

88 

0 

19 

0 

7 

7, 

24 

0 

67 

0 

24 

0 

- 

- 

5 

0 

8 

8, 

- 

- 

70 

0 

19 

0 

26 

0 

14 

0 

9 

9, 

16 

0 

32 

0 

22 

0 

18 

0 

6 

0 

10 

10, 

20 

0 

35 

0 

16 

0 

17 

0 

4 

0 

11 

11. 

20 

0 

81 

0 

29 

0 

12 

0 

- 

_ 

12 

12, 

46 

1 

- 

- 

- 

- 

14 

0 

5 

0 

13 

13, 

21 

1 

28 

0 

18 

0 

13 

0 

5 

0 

14 

14, 

18 

0 

31 

0 

- 

- 

- 

- 

22 

0 

15 

15, 

- 

- 

25 

0 

- 

- 

5 

0 

13 

0 

16 

16, 

20 

0 

14 

1 

- 

- 

47 

0 

18 

0 

17 

17, 

20 

0 

19 

0 

- 

_ 

1 

0 

_ 

_ 

18 

18, 

17 

0 

19 

0 

- 

- 

18 

0 

- 

- 

19 

19, 

31 

0 

- 

- 

- 

_ 

16 

0 

5 

0 

20 

20, 

32 

0 

18 

0 

_ 

- 

5 

0 

8 

0    • 

21 

21, 

28 

0 

25 

1 

_ 

_ 

- 

_ 

21 

0 

22 

22, 

- 

- 

- 

- 

- 

- 

14 

0 

26 

0 

23 

23, 

11 

0 

15 

0 

_ 

_ 

12 

0 

35 

0 

24 

24, 

17 

0 

15 

0 

- 

_ 

6 

0 

15 

0 

25 

25, 

15 

0 

13 

0 

_ 

_ 

9 

0 

_ 

_ 

26 

26, 

- 

- 

- 

- 

- 

- 

7 

0 

23 

0 

27 

27, 

44 

0 

14 

0 

- 

- 

20 

0 

16 

0 

2S 

28, 

80 

0 

32 

0 

132 

0 

- 

- 

30 

0 

29 

29, 

- 

- 

- 

- 

274 

0 

3 

0 

13 

0 

30 

30, 

257 

1 

- 

_ 

194 

1 

t' 

0 

18 

0 

31 

31, 

209 

1 

- 

- 

- 

- 

9 

0 

- 

- 

32 

Av 

erag 

e, 

39 

- 

43 

- 

64 

- 

16 

- 

14 

- 

Filter  No.  8 A  was  scraped  on  the  following  dates:  January  25,  July  2,  August  28,  October  17, 
November  13,  December  11  and  29.  It  was  drained  on  the  following  dates :  March  13-28,  March  30, 
May  4,  May  7, 14,  21,  28,  June  4, 11, 18,  25,  July  2,  9, 16,  23,  August  20,  27,  October  5-17,  22,  29,  Novem- 
bar  12,  20  and  21. 
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Centimeter  in  the  Effluent  of  Filter  No. 

8  A,  1899. 

July. 

August. 

September. 

October. 

November. 

December. 

^ 

1 

pa 

c 

s 

a 

P3 

(3 
1 

m 

'S 

a 

=31 

c 
a 

a 
=§1 

M 

a 

c 
s 

a 

c 
s 

a 

P5 

1 

3 

a 

P3 

28 

0 

7 

0 

18 

0 

_ 

_ 

6 

0 

76 

1 

1 

- 

- 

9 

0 

3 

0 

20 

0 

25 

0 

8 

0 

2 

20 

0 

8 

0 

- 

- 

9 

0 

17 

0 

- 

- 

3 

- 

- 

14 

0 

- 

- 

31 

0 

11 

0 

17 

1 

4 

12 

0 

6 

0 

7 

0 

4 

0 

- 

- 

17 

0 

5 

15 

0 

- 

- 

5 

0 

- 

- 

- 

1 

30 

1 

6 

10 

0 

5 

0 

18 

0 

- 

- 

12 

0 

25 

0 

7 

9 

0 

10 

0 

6 

0 

- 

- 

9 

0 

22 

0 

8 

- 

- 

5 

0 

9 

0 

- 

- 

13 

0 

5 

0 

9 

15 

0 

17 

0 

- 

- 

- 

- 

14 

0 

- 

- 

10 

15 

0 

5 

0 

5 

0 

- 

- 

25 

0 

25 

1 

11 

12 

0 

24 

0 

3 

0 

- 

- 

- 

- 

37 

0 

12 

7 

0 

- 

- 

7 

0 

- 

- 

- 

- 

56 

,0 

13 

6 

0 

5 

0 

3 

0 

- 

- 

40 

0 

86 

1 

14 

4 

0 

8 

0 

7 

0 

- 

- 

223 

1 

116 

1 

15 

- 

- 

2 

0 

13 

0 

- 

- 

80 

1 

161 

0 

16 

4 

0 

2 

0 

- 

- 

- 

- 

65 

1 

- 

- 

17 

3 

0 

5 

0 

3 

0 

- 

- 

37 

1 

40 

0 

18 

21 

0 

7 

0 

11 

0 

33 

0 

- 

- 

23 

1 

19 

5 

0 

- 

- 

7 

0 

85 

1 

34 

0 

34 

0 

20 

6 

0 

- 

- 

4 

0 

44 

1 

- 

- 

44 

0 

21 

33 

0 

3 

0 

8 

0 

- 

- 

- 

- 

48 

0 

22 

- 

- 

27 

1 

12 

0 

45 

0 

21 

0 

20 

1 

23 

3 

0 

13 

1 

- 

- 

34 

1 

58 

0 

- 

- 

24 

4 

0 

5 

0 

7 

0 

45 

0 

168 

1 

- 

- 

25 

2 

0 

6 

0 

25 

0 

94 

0 

- 

- 

17 

0 

26 

4 

0 

- 

- 

10 

0 

32 

1 

430 

1 

19 

0 

{.27 

6 

0 

5 

0 

5 

0 

27 

0 

78 

1 

24 

0 

,28 
29 

8 

0 

8 

0 

10 

0 

- 

- 

60 

1 

34 

0 

- 

- 

23 

0 

- 

- 

24 

0 

- 

- 

63 

0 

30 

6 

0 

18 

0 

- 

- 

11 

0 

- 

- 

- 

- 

L31 

10 

- 

10 

- 

9 

- 

36 

- 

65 

- 

42 

- 

i32 

Summary  of  Bacterial  Analyses  of  Water  applied  to  and  Effluents  from  Filters 

Nos.  3  B  and  8  A,  1899. 


Samples  from  — 

Average 
Number  of 
Bacteria. 

Per  Cent. 

Removed 

(Efficiency). 

Number  of 

Samples  Tested 

for  B.  Coli 

Communis. 

Number  of 

Times  B.  Coli 

Communis 

was  found. 

Average 
Number  of 

B.  Coli 
Communis. 

Per  Cent,  of 
Samples  Con., 
talning  B.  Coll 

Communis. 

Canal  water,    . 
Filter  No.  3  B, 
Filter  No.  8  A, 

5,700 
67 
32 

98.80 
99.43 

297 
256 
247 

287 
57 
35 

40 

96.63 
22.27 
14.17 
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Monthly  Averages  oj  Analyses  of  Canal  Water  (Merrimack  River) . 

[Parts  per  100,000.] 


Ammonia. 

Nitrogen  as 

'6 
1 

H 

s 

Tempera- 
ture. 

Deg.  F. 

C 
o 
o 

El, 

ALBUMINOID. 

a 

0 
S 
0 

01 

2 

5 

% 

3 

B 
0 

0 

CO 

Sfe 

1899. 

■3 

3 

s 

1 

January,   .        .        .        . 

34 

.38 

.0056 

.0170 

.0152 

.14 

.018 

.0002 

.41 

96.3 

4,000 

February, 

34 

.34 

.0079 

.0133 

.0129 

.17 

.022 

.0000 

.34 

88.1 

5,400 

March, 

34 

.36 

.0066 

.0138 

.0134 

.15 

.023 

.0000 

.38 

95.6 

4,400 

April, 

- 

.38 

.0051 

.0147 

.0140 

.15 

.020 

.0001 

.39 

99.3 

1,700 

May,. 

58 

.40 

.0036 

.0155 

.0146 

.15 

.016 

.0001 

.40 

84.4 

3,300 

June, 

73 

.39 

.0079 

.0187 

.0147 

.23 

.013 

.0002 

.29 

71.1 

9,600 

July, . 

76 

.34 

.0155 

.0245 

.0166 

.28 

.015 

.0004 

.32 

66.6 

4,300 

August, 

74 

.31 

.0175 

.0204 

.0177 

.28 

.018 

.0004 

.30 

58.3 

2,700 

September 

67 

.28 

.0137 

.0196 

.0177 

.38 

.018 

.0006 

.27 

57.2 

8,100 

October, 

58 

.27 

.0139 

.0180 

.0170 

.35 

.019 

.0006 

.30 

53.7 

8,100 

November 

40 

.37 

.0131 

.0226 

.0199 

.33 

.019 

.0003 

.45 

78.1 

9,200 

December, 

36 

.31 

.0117 

.0204 

.0173 

.30 

.017 

.0003 

.38 

84.3 

7,500 

AveraE 

'e, 

53 

.34 

.0102 

.0182 

.0159 

.24 

.018 

.0003 

.35 

77.8 

5,700 

Effluent  of  Filter  No.  3B. 

[Parts  per  100,000.] 


Quantity 

of 
Effluent.* 

Gallons 

per  Acre 

Daily. 

Tempera- 
ture. 
Deg.  F. 

u 

0 

s 

Ammonia. 

c 
0 

S 
0 

Nitrogen 

AS 

§ 

a 

i 
1 

2i 

Is 

Si 

0 
3 

3 

fa 

2 
0 

1 

3 

5 

« 

t- 

g 

^" 

1899. 

u 

.2  OS 

< 

g 
3 

IS 

January, 

2,381,000 

34 

35 

.30 

.0009 

.0087 

.14 

.028 

0 

.31 

93.0 

51 

February,    . 

1,993,000 

34 

34 

.28 

.0030 

.0078 

.18 

.038 

0 

.26 

85.6 

152 

March, 

1,653,000 

34 

36 

.25 

.0008 

.0064 

.15 

.032 

0 

.24 

88.0 

86 

April.t 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

May,     . 

2,309,000 

58 

58 

.22 

.0004 

.0060 

.15 

.037 

0 

.25 

79.9 

64 

June,    . 

2,071,000 

73 

72 

.18 

.0002 

.0058 

.23 

,068 

0 

.12 

63.6 

48 

July,     . 

1,921,000 

76 

77 

.13 

.0001 

.0051 

.28 

.130 

0 

.16 

53.5 

32 

August, 

2,866,000 

74 

74 

.12 

.0005 

.0061 

.33 

.079 

0 

.18 

70.6 

94 

September,  . 

2,859,000 

67 

67 

.10 

.0006 

.0066 

.35 

.051 

0 

.13 

54.8 

24 

October, 

2,095,000 

58 

57 

.13 

.0007 

.0063 

.35 

.059 

0 

.16 

67.8 

38 

November,  . 

2,037,000 

40 

42 

.24 

.0020 

.0085 

.32 

.041 

0 

.30 

80.1 

63 

.December,   . 

1,606,000 

36 

37 

.24 

.0097 

.0090 

.29 

.035 

0 

.27 

80.9 

104 

Average, 

2,163,000 

53 

54 

.20 

.0017 

.0069 

.25 

.054 

0 

.22 

73.4 

67 

*  The  rates  given  under  this  heading  upon  all  the  tables  are  based  upon  the  total  volume  of  water 
filtered  during  each  month;  that  is,  in  calculating  this  rate  the  volume  passed  is  divided  by  the  number 
of  days  the  filters  were  in  actual  operation,  including  days  just  before,  during  or  just  after  scraping, 
when  the  rate  was  lower  than  the  prescribed  rate. 

t  Out  of  operation. 
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Effluent  of  Filter  No.  8  A. 

[Parte  per  100,000.] 


Quantity 

of 
Effluent. 

Gallons 
per  Acre 
Dally. 

Tempbra- 

TnBE. 

Dbg.  F. 

o 
o 

O 

Ammonia. 

c 
S 

NiTKOGEN 

AS 

■d 

1 

3 

s 

o 

B 

3 

b 
fe 

1 
< 

0) 

tH  a> 

1S99 

u 

•a  ® 

< 

3 

II 

So 

January, 

.     2,072,000 

34 

34 

.31 

.0012 

.0088 

.14 

.028 

.0000 

.32 

82.1 

39 

February, 

.     2,306,000 

34 

34 

,28 

.0018 

.0079 

.17 

.035 

.0000 

.26 

70.3 

43 

March, 

.     1,942,000 

34 

34 

.25 

.0004 

.0068 

.15 

.028 

.0000 

.28 

70.6 

64 

April,* 

. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

May.. 

.     2,905,000 

58 

58 

.23 

.0002 

.0061 

.15 

.023 

.0000 

.27 

46.7 

16 

June, 

.     1,825,000 

73 

73 

.18 

.0000 

.0072 

.23 

.040 

.0000 

.14 

9.9 

14 

July, 

.     1,943,000 

76 

77 

.14 

,0003 

.0058 

.28 

.024 

.0000 

.19 

3.2 

10 

August, 

.     2,889,000 

74 

74 

.15 

.0022 

.0077 

.28 

.023 

.0013 

.19 

2.6 

10 

September 

,        .     3,815,000 

67 

67 

.12 

.0012 

.0068 

.35 

.033 

.0002 

.12 

3.7 

9 

October, 

.     2,130,000 

58 

58 

.16 

.0017 

.0075 

.37 

.051 

.0000 

.16 

20.0 

36 

November 

.     3,640,000 

40 

42 

.29 

.0030 

.0105 

.35 

.032 

.0000 

.33 

43.5 

65 

December, 

.     3,115,000 

36 

37 

.25 

.0004 

.0088 

.29 

.040 

.0000 

.27 

58.2 

42 

Averaj 

;e,     .     2,598,000 

53 

53 

.22 

.0011 

.0076 

.25 

.032 

.0001 

.23 

37.3 

32 

*  Out  of  operation. 


Filters  Nos.  68,  69  and  109. 

These  three  filters  were  continued  in  operation  during  1899  and 
the  first  three  months  of  1900,  During  most  of  the  year  they 
were  flooded  with  a  mixture  of  filtered  city  water  and  sewage,  this 
water  containing  more  organic  matter  than  the  river  water  applied 
to  the  remainder  of  the  water  filters,  but  less  mineral  matter  in 
suspension.  Beginning  in  November,  however,  and  continuing 
during  the  remainder  of  their  period  of  operation,  the  applied 
water  consisted  of  a  mixture  of  unfiltered  river  water  and  sewage. 
Discussion  of  the  results  obtained  from  them  during  their  entire 
period  of  operation  will  be  given  in  the  next  report  of  the  Board. 

The  following  tables  present  the  average  chemical  and  bacterial 
analyses  of  the  water  applied  to  and  the  efiluents  from  these  filters. 
Filter  No.  68  was  operated  as  an  intermittent  filter  during  most  of 
the  year,  and  Filters  Nos.  69  and  109  as  continuous  filters.  Filter 
No.  109  received  the  efiluents  of  Filters  Nos.  68  and  69. 
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Jakcaet. 

Febbuart. 

Mabch. 

Apkil. 

Mat. 
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ei 

OD 

A 

,£ 

A 

A 

A 

A 

cj 

K 

s' 

ra 

"n 

c 

"s 

2 

*n 

e 

T^ 

c 

x: 

c 

"S 

s 

DAT. 

3 

s 

"5 

S 

3i 

s 
S 

3i 

•i 

OS 

0^ 

B 
■^1 

1 

■3M 

0  0 

C3 

3 

a 

CS 

vo 

■3 

o5 

a 

uo 

4-> 

C3 

O'^ 

•5 

Uo 

« 

oS 

^ 

a 

101,100 

a 

^ 

S 

^ 

S3 

^ 

P3 

->: 

« 

1 

1.    • 

- 

- 

26,000 

292 

22,100 

- 

44,200 

109 

8,000 

236 

2 

2,    . 

51.000 

256 

47,900 

5 

28.600 

220 

- 

- 

30,300 

210 

4,800 

- 

3 

3,    . 

23,500 

163 

47,000 

207 

31,900 

66 

17,800 

96 

12,000 

346 

7,000 

228 

4 

4,    . 

40,400 

270 

127,800 

139 

30,400 

143 

17,200 

189 

12,300 

138 

- 

- 

5 

5, 

69,600 

310 

- 

- 

- 

- 

15,800 

233 

8,600 

416 

3,700 

246 

6 

6,     . 

52,700 

320 

61,500 

256 

43,000 

177 

13,900 

208 

11,800 

410 

8,300 

246 

7 

7, 

36,600 

225 

90.800 

104 

35,100 

163 

12,800 

252 

- 

- 

8,000 

119 

8 

8,    . 

- 

- 

40,500 

54 

32,700 

63 

12,200 

93 

12,000 

64 

30,500 

694 

9 

9,    . 

35,000 

304 

40,100 

74 

19,900 

106 

- 

- 

9,300 

110 

61,900 

142 

10 

10,    . 

33,800 

209 

24,900 

147 

29,400 

38 

19,700 

270 

5,800 

64 

188,700 

- 

11 

11. 

35,300 

184 

27,800 

81 

22,800 

208 

18,500 

143 

10,400 

236 

- 

- 

12 

12,    . 

27,800 

348 

- 

- 

- 

- 

20,400 

- 

12,600 

266 

399,900 

482 

13 

13, 

45,300 

330 

39,400 

67 

24,200 

274 

12,500 

155 

48,600 

180 

24,600 

22 

14 

14, 

23,900 

350 

37,900 

180 

80,000 

250 

13,100 

201 

- 

- 

7,100 

15 

15 

15, 

- 

- 

69,000 

219 

14,800 

169 

14,100 

35 

13,900 

85 

7,300 

& 

16 

16, 

29,000 

207 

34,600 

74 

15,800 

138 

- 

- 

27,600 

97 

7,500 

27 

17 

17, 

26,600 

99 

37,700 

272 

14,900 

43 

13,800 

107 

27,700 

329 

- 

- 

18 

18, 

16,600 

94 

30,400 

47 

18,100 

125 

18,900 

164 

27,000 

316 

- 

- 

19 

19, 

- 

- 

- 

- 

- 

- 

- 

- 

15,300 

250 

51,410 

396 

20 

20, 

34,300 

358 

40,400 

226 

26,200 

6 

- 

- 

34,000 

142 

10,400 

- 

21 

21, 

37,400 

128 

74,900 

165 

14,400 

66 

- 

- 

- 

- 

36,600 

112 

22 

22, 

- 

- 

- 

- 

23,700 

73 

- 

- 

25,000 

416 

94,200 

1,385 

23 

23, 

44,800 

165 

79,600 

87 

13,700 

126 

7 

- 

21,000 

446 

119,000 

3,110 

24 

24, 

29,500 

32 

66,400 

82 

17,800 

126 

- 

- 

6,500 

255 

144,300 

3,818 

25 

25, 

69,500 

25 

40,400 

47 

13,600 

175 

- 

- 

33,000 

185 

- 

- 

26 

26, 

29.500 

192 

- 

- 

- 

- 

- 

- 

12,300 

130 

383,100 

118 

27 

27, 

41,700 

125 

25,500 

62 

22,800 

275 

- 

- 

18,800 

420 

152,800 

40 

28 

28, 

51,000 

168 

25,600 

157 

19,000 

176 

33,500 

110 

- 

- 

49,300 

290 

29 

29, 

- 

- 

- 

- 

43,900 

161 

14,600 

220 

6,700 

149 

29,000 

688 

30 

30, 

23,700 

199 

- 

- 

24,700 

39 

- 

- 

- 

- 

31,700 

618 

31 

31, 

66,400 

1S5 

- 

- 

6,000 

173 

- 

- 

7,500 

173 

- 

- 

32 

A 

vera 

?e,    . 

39,000 

208 

52,700 

120 

23,500 

140 

20,600 

159 

17,900 

278 

74,500 

592 
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in  Applied  Water  f 

or  Filters  Nos.  68  and  69 

1899. 

July. 

August. 

Septbmbek. 

October. 

NOVEMBEB. 

December. 

o 

c 

3 

a 

OS 

o 

c 

a 

a 

55 

oi 
■g 

a 

C3 

1 

a 

11 

J-.CQ 

s. 

03 

c 

3 

a 

s 

"a 

3 

a 

=31 

o5 

a 

o 

3 

a 
o5 

^ 

M 

^ 

M 

^ 

pi 

fe 

M 

^ 

M 

^ 

M 

44,600 

2,890 

3,900 

182 

4,700 

2 

- 

- 

45,100 

223 

153,800 

4,467 

1 

- 

- 

17,250 

50 

26,200 

6 

46,600 

60 

40,800 

1,155 

39,500 

1,385 

2 

28,500 

1,238 

2,450 

66 

- 

- 

49,300 

290 

92,100 

2,051 

- 

- 

3 

- 

- 

3,200 

40 

- 

- 

32,200 

1,241 

45,000 

1,690 

221,500 

10,784 

4 

41,300 

216 

900 

17 

200 

21 

39,500 

639 

- 

- 

338,800 

65,500 

5 

38,800 

50 

- 

- 

1,000 

1 

54,600 

1,221 

41,100 

54 

207,500 

10,500 

6 

11,600 

32 

3,400 

3 

87,200 

368 

110,900 

340 

58,600 

156 

130,000 

3,400 

7 

5,700 

17 

5,900 

4 

54,300 

402 

- 

- 

22,000 

406 

94,800 

1,200 

8 

- 

- 

2,700 

4 

63,500 

530 

27,100 

9 

14,000 

139 

67,500 

2,400 

9 

2,400 

- 

1,150 

10 

- 

- 

28,100 

0 

39,000 

203 

- 

- 

10 

3,100 

193 

1,650 

3 

22,700 

8 

34,500 

21 

42,300 

2,463 

44,500 

1,800 

11 

4,600 

- 

400 

0 

123,400 

840 

20,300 

58 

- 

- 

36,800 

2,900 

12 

10,300 

1,045 

- 

- 

88,500 

1,667 

16,300 

326 

31,600 

802 

61,300 

900 

13 

12,900 

510 

2,650 

- 

31,300 

112 

- 

- 

18,200 

1,221 

45,500 

5,000 

14 

14,000 

829 

3,200 

6 

53,500 

496 

- 

- 

57,400 

1,593 

72,300 

800 

15 

- 

- 

2,550 

0 

102,200 

124 

25,500 

6 

87,700 

1,676 

319,300 

1,388 

16 

4,600 

340 

- 

- 

- 

- 

9,300 

2 

6,500 

809 

- 

- 

IT 

1,700 

78 

1,900 

2 

39,100 

86 

14,100 

18 

- 

- 

27,500 

692 

13 

1,000 

330 

11,200 

2 

53,400 

26 

34,100 

12 

- 

- 

47,200 

384 

19 

20,000 

554 

- 

- 

200,300 

1,139 

17,800 

204 

- 

- 

87,600 

3,515 

20 

9,600 

1,013 

16,000 

274 

42,900 

334 

23,100 

52 

- 

- 

120,200 

818 

21 

14,000 

888 

2,600 

23 

120,000 

1,278 

- 

- 

- 

- 

57,900 

1,862 

22 

- 

- 

1,000 

29 

137,600 

274 

15,800 

198 

- 

- 

40,500 

2,145 

23 

1,900 

138 

4,400 

29 

- 

- 

19,300 

543 

- 

- 

- 

- 

24 

1,000 

28 

16.500 

1,491 

92,600 

840 

20,000 

306 

- 

- 

- 

- 

25 

7,200 

117 

91,600 

3,938 

58,900 

618 

28,000 

81 

- 

- 

119,700 

303 

26 

16,600 

596 

- 

- 

14,100 

73 

10,200 

344 

- 

- 

35,100 

2,409 

27 

10,900 

562 

35,900 

2,363 

54,100 

466 

4,100 

202 

- 

- 

46,400 

1,172 

28 

10,000 

85 

35,100 

444 

45,200 

28 

- 

- 

- 

- 

46,300 

2,371 

29 

- 

- 

23,000 

23 

52,000 

119 

21,800 

46 

- 

- 

47,600 

410 

30 

31,100 

480 

20,100 

6 

- 

- 

12,600 

108 

- 

- 

- 

- 

31 

13,900 

532 

11,900 

360 

62,800 

394 

28,600 

253 

42,800 

976 

100,400 

6,140 

32 
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Number  of  Bacteria  and  B.  Coli  Communis  per 


January. 

Febkuabt. 

March. 

April. 

Mat. 

Jdnb. 

DAT. 

a 
u 

03 

1 

'5 

a 

1 

c 

3 

a 

03 

a 
ii 

.2 

1 

3 

a 

?! 

i 

'S 
9 

a 

1 

a 

1 

1, 

- 

- 

72 

0 

285 

0 

300 

0 

466 

0 

2,641 

0 

2 

2, 

203 

0 

235 

0 

190 

0 

- 

- 

480 

0 

28 

0 

3 

3, 

145 

0 

300 

0 

342 

0 

10 

0 

40 

0 

21 

0 

4 

4, 

164 

0 

1,246 

0 

522 

0 

82 

0 

316 

0 

- 

- 

5 

5, 

350 

0 

- 

- 

- 

- 

47 

0 

240 

1 

26 

0 

6 

6, 

148 

0 

277 

0 

170 

0 

2,323 

0 

370 

0 

22 

0 

7 

7, 

538 

0 

240 

0 

230 

0 

3,921 

0 

- 

- 

24 

0 

8 

8. 

- 

- 

506 

1 

292 

1 

230 

0 

268 

0 

84 

0 

9 

9| 

170 

0 

346 

0 

109 

0 

- 

- 

73 

0 

1,441 

0 

10 

10, 

171 

0 

253 

0 

256 

0 

978 

0 

350 

1 

4,154 

0 

11 

11, 

37 

0 

149 

0 

1,931 

0 

1,393 

0 

298 

0 

- 

- 

12 

12, 

122 

0 

- 

- 

- 

- 

416 

0 

60 

0 

2,957 

0 

13 

13, 

109 

0 

337 

0 

199 

0 

2,342 

0 

28 

0 

125 

2 

14 

14, 

79 

0 

246 

0 

278 

0 

430 

0 

- 

- 

1,663 

2 

15 

15, 

- 

- 

250 

0 

264 

0 

245 

0 

6 

0 

2,571 

0 

16 

16, 

59 

0 

375 

0 

97 

0 

- 

- 

43 

0 

4,326 

0 

17 

17, 

352 

0 

645 

0 

364 

0 

266 

0 

114 

0 

- 

- 

18 

18, 

272 

0 

410 

0 

377 

0 

27 

0 

43 

0 

- 

- 

19 

19, 

- 

- 

- 

- 

- 

- 

- 

- 

135 

0 

2,756 

0 

20 

20, 

215 

0 

113 

1 

40 

0 

- 

- 

21 

0 

5,423 

1 

21 

21, 

73 

0 

267 

0 

169 

1 

- 

- 

- 

- 

2,932 

0 

22 

22, 

- 

- 

- 

- 

97 

0 

- 

- 

11 

0 

315 

1 

23 

23, 

600 

0 

566 

0 

340 

0 

- 

- 

28 

0 

518 

0 

24 

24, 

119 

0 

558 

0 

169 

0 

- 

- 

90 

0 

344 

3 

25 

25, 

80 

0 

256 

0 

282 

0 

- 

- 

2,278 

0 

- 

- 

26 

26, 

70 

0 

- 

- 

- 

- 

- 

- 

1,387 

0 

244 

0 

27 

27, 

55 

0 

654 

0 

98 

0 

- 

- 

73 

0 

315 

0 

28 

28, 

116 

0 

976 

0 

90 

0 

730 

2 

- 

- 

321 

1 

29 

29, 

- 

- 

- 

- 

166 

0 

- 

0 

1,496 

0 

91 

0 

30 

30, 

110 

0 

- 

- 

166 

0 

- 

0 

- 

- 

346 

0 

31 

31, 

169 

0 

- 

- 

93 
282 

0 

- 

- 

4,490 

0 

- 

- 

32 

Avert 

ige. 

181 

- 

403 

- 

- 

859 

- 

508 

- 

1,348 

1 

- 
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Cubic  Centimeter  in  Effluent  of  Filter  No.  68, 1S99. 


Jolt. 

August. 

September. 

OCTOBEK. 

November. 

December. 

c 

3 

a 

'5 

a 

.2 

c 

a 

'C 

a 

'3 
1 
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a 

o5 
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03 
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3i 
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^ 
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1 

M 
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M 

^ 

pq 
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M 

& 

« 
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0 

20 

0 

35 

0 

- 

- 

46 

0 

7,900 

75 

1 

- 

- 

33 

0 

54 

0 

73 

0 

51 

0 

5,300 

0 

2 

110 

3 

68 

1 

- 

- 

53 

0 

48 

0 

- 

- 

3 

- 

- 

34 

0 

- 

- 

29 

0 

71 

1 

100 

3 

4 

64 

0 

91 

0 

19 

0 

30 

0 

- 

- 

600 

1 

5 

81 

0 

- 

- 

41 

0 

28 

0 

102 

0 

2,000 

6 

6 

118 

1 

25 

0 

164 

0 

31 

0 

52 

1 

800 

4 

7 

85 

2 

190 

0 

409 

1 

- 

- 

120 

0 

219 

0 

8 

- 

- 

65 

0 

314 

0 

22 

0 

38 

0 

400 

7 

9 

295 

0 

45 

0 

- 

- 

34 

0 

27 

0 

- 

- 

10 

18 

0 

10 

0 

61 

0 

47 

0 

416 

0 

446 

22 

11 

126 

0 

306 

0 

63 

0 

30 

0 

- 

- 

135 

0 

12 

17 

0 

- 

- 

50 

0 

42 
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879 

64 

106 

0 

13 

29 

0 

61 

0 

11 

0 

- 

- 

4,537 

22 

243 

0 

14 

32 

1 

22 

0 

13 

0 

- 

- 

23,423 

20 

243 

0 

15 

- 

- 

234 

0 

39 

0 

32 

0 

2,676 

6 

187 

1 

16 

62 

0 

- 

- 

- 

13 

0 

1,013 

7 

- 

- 

17 

3 

0 

50 

0 

64 

0 

18 

0 

- 

- 

209 

1 

18 

13 

1 

52 

0 

55 

0 

8 

0 

- 

- 

94 

0 

19 

10 

0 

- 

- 

7 

0 

2 

0 

- 

- 

94 

0 

20 

31 

0 

23 

1 

88 

0 

17 

0 

- 

- 

96 

1 

21 

15 

1 

17 

0 

703 

3 

- 

- 

- 

- 

71 

0 

22 

- 

- 

115 

0 

1,051 

4 

16 

0 

- 

- 

73 

0 

23 

9 

0 

72 

0 

- 

- 

17 

0 

- 

- 

- 

- 

24 

5 

0 

36 

0 

410 

6 

13 

0 

- 

- 

- 

- 

25 

5 

0 

78 

0 

470 

0 

16 

0 

- 

- 

133 

2 

26 

6 

0 

- 

- 

120 

0 

72 

0 

- 

- 

219 

21 

27 

22 

1 

58 

0 

57 

0 

75 

0 

- 

- 

168 

2 

28 

105 

1 

14 

0 

75 

0 

- 

- 

- 

- 

121 

2 

29 

- 

- 

23 

0 

- 

- 

84 

0 

- 

- 

163 

0 

30 

65 

0 

33 

1 

- 

- 

75 

0 

- 

- 

- 

31 

70 

- 

68 

- 

182 

- 

35 

- 

2,233 

- 

805 

32 
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Number  of  Bacteria  and  B.  Goli  Communis  per  Cubic 


Januakt. 

Febrdakt. 
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Mat.   1 
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DAT. 

03 
1 

3 

a 

=31 

1 

"S 

3 

a 

pa 

1 

"3 

i 

03 
1 

3 

a 

1 

«  1 
1 

a 

1 

03 

o  i 

1 

1, 

- 

- 

470 

0 

45 

0 

45 

0 

22 

0 

871 

0 

2 

2, 

118 

0 

146 

0 

190 

0 

- 

- 

51 

0 

16 

0 

3 

3, 

155 

0 

40 

0 

198 

0 

9 

0 

24 

0 

548 

0 

4 

4, 

23 

0 

247 

0 

181 

0 

8 

0 

38 

0 

- 

- 

5 

5, 

47 

0 

- 

- 

- 

- 

107 

0 

115 

0 

31 

0 

6 

6. 

6 

0 

157 

0 

177 

0 

20 

0 

34 

0 

10 

0 

7 

7, 

124 

0 

55 

0 

326 

0 

118 

0 

- 

- 

8 

0 

8 

8. 

- 

- 

78 

0 

126 

0 

78 

0 

223 

0 

12 

0 

g 

9, 

568 

0 

91 

0 

156 

0 

- 

- 

73 

0 

6 

1 

10 

10, 

180 

1 

105 

0 

127 

0 

143 

0 

28 

0 

198 

0 

n 

11, 

151 

0 

75 

0 

133 

0 

175 

0 

84 

0 

- 

- 

12 

12, 

22 

0 

- 

- 

- 

- 

45 

0 

25 

0 

34 

0 

13 

13, 

57 

0 

53 

0 

83 

0 

228 

0 

33 

0 

23 

0 

14 

14, 

34 

0 

96 

0 

91 

0 

234 

0 

- 

- 

350 

1 

15 

15, 

- 

- 

92 

0 

133 

0 

39 

0 

95 

0 

153 

0 

16 

16, 

180 

0 

141 

0 

35 

0 

- 

- 

34 

0 

205 

0 

17 

17, 

80 

0 

79 

0 

118 

0 

109 

0 

133 

0 

- 

- 

18 

18, 

40 

0 

48 

6 

304 

0 

83 

0 

119 

0 

- 

- 

19 

19, 

- 

- 

- 

- 

- 

- 

- 

- 

87 

0 

12 

0 

20 

20, 

58 

0 

68 

0 

48 

0 

- 

- 

103 

0 

20 

0 

21 

21, 

23 

0 

396 

0 

78 

0 

- 

- 

- 

- 

163 

0 

22 

22, 

- 

- 

- 

- 

29 

0 

- 

- 

51 

0 

43 

0 

23 

23, 

263 

- 

59 

0 

114 

0 

- 

- 

31 

0 

38 

1 

24 

24. 

97 

1 

13 

0 

64 

0 

- 

- 

155 

0 

206 

70 

25 

25, 

38 

0 

42 

0 

44 

0 

- 

- 

37 

0 

- 

- 

26 

26, 

34 

0 

- 

- 

- 

- 

- 

- 

240 

0 

1,193 

16 

27 

27, 

26 

0 

23 

0 

74 

0 

- 

- 

13 

0 

416 

9 

28 

28, 

95 

0 

56 

0 

63 

0 

400 

2 

- 

- 

75 

0 

29 

29, 

- 

- 

- 

- 

70 

0 

50 

2 

285 

0 

120 

0 

30 

30, 

85 

0 

- 

- 

59 

0 

- 

- 

- 

- 

83 

0 

31 

31, 

122 

0 

- 

- 

17 

0 

- 

- 

327 

0 

- 

- 

32 

Avei 

age. 

105 

- 

114 

- 

114 

- 

Ill 

- 

95 

- 

193 

- 

No.  34.] 


FILTEATION   OF  WATEE. 


525 


Centimeter  in  Effluent  of  Filter  No.  69 

1899 

Jolt. 

August. 

September. 

October. 

November. 

December. 

OS 

c 
s 

a 
o6 

03 

- 

oS 

3 

a 
o5 

fccoa 

03 

3 

a 

03 

s 

a 
o5 

1 
03 

03 

a 

a 
pi 

1 
% 

03 

"3 

a 

,  ^ 

a 

^ 

M 

^ 

P3 

^ 

» 

^ 

n 

^ 

« 

62 

0 

4 

1 

26 

0 

- 

- 

52 

0 

8,700 

360 

1 

- 

- 

23 

0 

45 

0 

58 

0 

126 

3 

8,100 

33 

2 

8 

0 

13 

0 

- 

- 

68 

0 

118 

1 

- 

- 

3 

- 

- 

7 

0 

- 

- 

20 

0 

196 

1 

11,200 

75 

4 

45 

2 

5 

0 

37 

0 

51 

0 

- 

- 

5,500 

330 

5 

103 

0 

- 

- 

5 

0 

58 

0 

183 

1 

8,300 

362 

6 

48 

0 

4 

0 

21 

0 

55 

0 

143 

1 

7,100 

150 

7 

65 

1 

6 

0 

57 

0 

- 

- 

104 

1 

10,700 

126 

8 

- 

- 

13 

0 

27 

0 

87 

0 

55 

1 

2,287 

296 

9 

43 

0 

3 

0 

- 

- 

50 

0 

50 

0 

- 

- 

10 

6 

0 

27 

0 

16 

0 

46 

0 

122 

0 

1,764 

16 

11 

31 

0 

8 

0 

13 

0 

183 

0 

- 

- 

2,343 

46 

12 

3 

0 

- 

- 

8 

0 

104 

0 

1,343 

6 

2,080 

0 

13 

5 

0 

21 

0 

4 

0 

- 

- 

3,285 

8 

1,136 

115 

14 

3 

0 

22 

0 

9 

0 

- 

- 

3,685 

0 

1,456 

18 

15 

- 

- 

20 

0 

30 

0 

54 

0 

1,242 

2 

1,136 

18 

16 

5 

0 

- 

- 

- 

- 

8 

0 

2,420 

3 

- 

- 

17 

3 

0 

26 

0 

22 

0 

21 

0 

- 

- 

1,569 

14 

18 

3 

0 

2 

0 

30 

0 

38 

0 

- 

- 

608 

19 

19 

6 

0 

- 

- 

16 

0 

40 

0 

- 

- 

3,380 

5 

20 

13 

0 

2 

0 

- 

- 

11 

0 

- 

- 

5,468 

3 

21 

2 

0 

9 

0 

1,086 

5 

- 

- 

- 

- 

831 

22 

22 

- 

- 

23 

0 

1,008 

1 

35 

0 

- 

- 

3,283 

114 

23 

1 

0 

8 

0 

- 

- 

6 

0 

- 

- 

- 

- 

24 

1 

0 

4 

0 

78 

0 

29 

0 

- 

- 

- 

- 

25 

0 

0 

4 

0 

5,389 

0 

7 

0 

- 

- 

3,416 

25 

26 

103 

0 

- 

- 

944 

2 

49 

0 

- 

- 

564 

18 

27 

4 

0 

15 

0 

140 

0 

13 

0 

- 

- 

476 

21 

28 

15 

0 

4 

0 

198 

0 

- 

- 

- 

- 

1,336 

16 

29 

- 

- 

11 

0 

- 

- 

17 

0 

- 

- 

1,022 

10 

30 

9 

0 

13 

0 

- 

- 

27 

0 

- 

- 

- 

- 

31 

23 

- 

11 

- 

400 

- 

45 

- 

875 

- 

3,750 

- 

32 

526 


STATE   BOARD   OF   HEALTH.  [Pub.  Doc. 


Number  of 

Bacteria  and  B. 

Coli  Communis 

per  Cubic 

DAT. 

January. 

Febrdart. 

March. 

April. 

Mat. 

June. 

■H 

U.CQ 

■2 

03 

a 

s 

oi 

1 
o 
<s 

03 
03 

"a 

a 

03 

4 

.3 

1 

1 
11 

03 
03 

a 

a 

=31 

^ 

a 

^ 

m 

^ 

M 

^ 

fQ 

^ 

M 

^ 

M 

1 

1. 

- 

- 

49 

0 

100 

0 

11 

0 

2,343 

1 

28 

0 

2 

2, 

31 

0 

33 

0 

15 

0 

- 

- 

7,358 

1 

30 

0 

3 

3, 

24 

0 

13 

0 

55 

0 

9 

0 

390 

0 

6 

0 

4 

4. 

23 

0 

48 

0 

57 

0 

16 

0 

26 

1 

- 

- 

5 

5. 

30 

0 

- 

- 

- 

- 

9 

0 

589 

1 

14 

0 

6 

6, 

16 

0 

13 

0 

86 

0 

19 

0 

370 

1 

26 

0 

7 

7, 

27 

0 

25 

0 

56 

0 

9 

0 

- 

- 

7 

0 

8 

8, 

- 

- 

50 

0 

44 

0 

9 

0 

398 

0 

295 

0 

9 

9. 

18 

0 

45 

1 

36 

0 

- 

- 

256 

0 

92 

0 

10 

10, 

41 

0 

9 

0 

26 

0 

53 

0 

152 

0 

9 

0 

11 

11. 

37 

0 

78 

1 

14 

0 

64 

0 

122 

0 

- 

- 

12 

12, 

27 

0 

- 

- 

- 

- 

25 

0 

114 

0 

238 

0 

13 

13, 

19 

0 

42 

0 

24 

0 

55 

0 

108 

0 

17 

1 

14 

14, 

15 

1 

43 

0 

30 

0 

55 

0 

- 

- 

621 

0 

15 

15, 

- 

- 

102 

0 

31 

0 

19 

0 

130 

0 

424 

0 

16 

16, 

10 

0 

47 

0 

17 

0 

- 

- 

7 

0 

424 

0 

17 

17, 

16 

0 

15 

0 

34 

0 

13 

0 

13 

0 

- 

- 

18 

18, 

25 

0 

11 

0 

17 

0 

14 

0 

16 

0 

- 

- 

19 

19, 

- 

- 

- 

- 

- 

- 

- 

- 

6 

0 

150 

0 

20 

20, 

18 

0 

39 

0 

45 

1 

- 

- 

14 

0 

73 

1 

21 

21, 

25 

1 

30 

0 

46 

0 

- 

- 

- 

- 

186 

0 

22 

22, 

- 

- 

- 

- 

23 

0 

- 

- 

14 

0 

112 

1 

23 

23, 

65 

0 

15 

0 

29 

0 

- 

- 

5 

0 

36 

0 

24 

24, 

24 

0 

13 

0 

15 

1 

- 

- 

9 

0 

10 

0 

25 

25, 

19 

0 

29 

0 

35 

0 

- 

- 

12 

0 

- 

- 

26 

26, 

23 

0 

- 

- 

- 

- 

- 

- 

74 

0 

25 

0 

27 

27, 

11 

0 

8 

0 

16 

0 

- 

- 

77 

0 

68 

0 

28 

28, 

13 

0 

22 

0 

39 

0 

- 

- 

- 

- 

120 

0 

29 

29, 

- 

- 

- 

- 

27 

0 

- 

- 

83 

0 

13 

0 

30 

30, 

44 

0 

- 

- 

75 

0 

- 

- 

- 

- 

45 

0 

31 

31, 

36 

0 

- 

- 

11 

0 

- 

- 

45 

0 

- 

- 

32 

Ave 

rage, 

25 

- 

34 

- 

37 

- 

25 

- 

490 

- 

123 

- 

No.  34.] 


FILTRATION   OF    WATER. 


527. 


Centimeter  in  Effluent  of  Filter  No.  109, 1899. 


July.          j 

August. 

September. 

OCTOBBR.          1 

November. 

December. 

03 
1 

r 

a 

3 

a 

=31 

1 

c 

s 

a 
=§1 

"5 

"3 
s 

a 
?! 

03 
03 

1 

1 

03 

f 

J 

55 

.5 
1 

S 

a 

^ 

M 

^ 

M 

^ 

« 

^ 

ca 

^ 

M 

^ 

M 

26 

0 

12 

0 

4 

1 

- 

- 

4 

0 

1,803 

1 

1 

- 

- 

6 

0 

73 

0 

9 

0 

5 

0 

550 

1 

2 

28 

0 

4 

0 

_ 

- 

15 

0 

6 

0 

- 

- 

3 

- 

- 

9 

0 

- 

- 

10 

0 

22 

0 

554 

1 

4 

45 

0 

9 

0 

16 

0 

12 

0 

- 

- 

662 

1 

5 

10 

0 

- 

- 

9 

0 

5 

0 

20 

0 

675 

1 

6 

306 

0 

9 

0 

23 

0 

10 

0 

13 

0 

512 

1 

7 

15 

0 

14 

0 

35 

0 

- 

- 

4 

1 

412 

0 

8 

- 

- 

12 

0 

43 

0 

14 

0 

11 

1 

522 

1 

9 

33 

0 

11 

0 

- 

- 

15 

0 

9 

0 

- 

- 

10 

5 

0 

8 

0 

13 

0 

20 

0 

30 

0 

286 

0 

11 

12 

0 

16 

0 

13 

0 

21 

0 

- 

- 

310 

1 

12 

4 

0 

- 

- 

4 

0 

27 

0 

- 

- 

216 

0 

13 

4 

0 

7 

0 

5 

0 

- 

- 

346 

0 

221 

0 

14 

8 

0 

12 

0 

107 

0 

- 

- 

5,645 

1 

166 

1 

15 

- 

- 

7 

0 

9 

0 

13 

0 

1,480 

1 

128 

0 

16 

3 

0 

- 

- 

- 

- 

12 

0 

506 

1 

i     - 

- 

17 

3 

0 

7 

0 

8 

0 

2 

0 

- 

- 

119 

0 

18 

17 

0 

6 

0 

5 

0 

2 

0 

- 

- 

116 

0 

19 

0 

0 

- 

- 

24 

0 

8 

0 

- 

- 

83 

0 

20 

4 

0 

10 

1 

5 

0 

18 

0 

- 

- 

135 

0 

21 

5 

0 

6 

0 

216 

0 

- 

- 

- 

- 

138 

0 

22 

- 

- 

15 

0 

83 

1 

13 

0 

- 

- 

123 

0 

23 

3 

0 

10 

0 

- 

- 

8 

0 

- 

- 

- 

- 

24 

1 

0 

5 

0 

1,117 

1 

5 

0 

- 

- 

- 

- 

25 

1 

0 

16 

1 

153 

1 

10 

0 

- 

- 

123 

26 

26 

0 

- 

_ 

84 

0 

2 

0 

- 

- 

155 

27 

23 

0 

5 

0 

33 

0 

13 

0 

- 

- 

124 

28 

14 

0 

2 

0 

32 

0 

- 

- 

- 

- 

136 

29 

- 

- 

13 

0 

- 

- 

12 

0 

- 

- 

173 

30 

11 

0 

14 

0 

- 

- 

2 

0 

- 

- 

- 

- 

31 

24 

- 

9 

- 

88 

- 

11 

- 

579 

- 

338 

- 

32 

528 


STATE   BOAED   OF  HEALTH.         [Pub.  Doc. 


WaJLer  applied  to  Filters  Nos.  68  and  69. 

[Parts  per  100,000.] 


Tempera- 
ture. 

Deg.  F. 

o 

Ammonia. 

NiTBOGEN  AS 

•6 

i 

s 

|§ 

U     1 

b 

ALBUMINOID. 

1 

2 

% 

eSO 

"3 

3 

3 
o 

CO 

m  o  y 
o  =  » 

c3oa 

January, 

43 

.36 

.0478 

.0207 

,0155 

0.31 

.057 

.0002 

.36 

39,000 

February,    . 

40 

.35 

.0503 

.0211 

.0168 

0.39 

.054 

.0002 

.31 

52,700 

March,  . 

41 

.32 

.0456 

.0159 

.0138 

0.41 

.042 

.0001 

,30 

23,500 

April,    . 

43 

.34 

.0728 

.0202 

.0125 

0.37 

.041 

.0002 

.28 

20,600 

May,      . 

52 

.29 

.0671 

.0168 

.0127 

0.37 

.048 

.0001 

.28 

17,900 

June,     . 

62 

.19 

.0453 

.0141 

.0104 

0.39 

.043 

.0003 

.19 

74,500 

July,     . 

67 

.12 

.0401 

.0115 

.0097 

0.46 

.042 

.0001 

.16 

13,900 

August, 

70 

.18 

.0416 

.0111 

.0089 

0.45 

.043 

.0001 

,19 

11,900 

September, 

64 

.22 

.0722 

.0327 

.0161 

0.60 

.045 

.0005 

,31 

62,700 

October, 

59 

.15 

.0536 

.0165 

.0111 

0.53 

.051 

.0002 

.20 

30,500 

November, 

41 

.17 

.0630 

.0170 

.0098 

1.03 

.044 

.0000 

.22 

42,700 

December, 

52 

.39 

.3000 

.0630 

.0390 

0.74 

.023 

.0007 

.67 

100,100 

Average 

53 

.26 

.0750 

.0217 

.0147 

0.50 

.044 

.0002 

.29 

40,700 

Effluent  of  Filter  No.  68. 

[Parts  per  100,000.] 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

Daily. 

Tkmperatdbe. 
Dbg.  F. 

i 
6 

Ammonia. 

6 

G 

o 

13 
o 

NITKOGEN 
AS 

i 

a 

3 

c 

o 

el 

o  « 
•  O 
CO 
a)  « 

o> 

I,  o 

hi 

1899. 

u 
■a" 

a. 
< 

3 

1 

i 

2 
"3 

11 

< 

1 

January,    . 
February,  . 
March, 
April, 
May,   . 
Juoe,  . 
July,  . 
August, 
September, 
October,      . 
November, 
December, . 

1,720,000 
1,645,000 
1,657,000 
1,602,000 
1,785,000 
1,706,000 
1,914,000 
1,839,000 
1,796,000 
1,743,000 
1,550,000 
1,395,000 

46 
45 
45 
50 
58 
69 
73 
73 
66 
60 
45 
52 

55 
55 
50 
56 
58 
71 
75 
74 
67 
63 
51 
53 

,20 
,21 
,19 
,16 
,14 
,11 
.08 
,09 
,10 
.08 
.05 
.16 

,0007 
,0011 
.0003 
.0033 
.0002 
.0015 
.0006 
.0004 
.0003 
.0001 
.0000 
.0944 

.0072 
.0070 
.0061 
.0089 
.0048 
.0059 
.0055 
.0049 
.0054 
.0050 
.0034 
.0133 

0.30 
0.34 
0.41 
0.36 
0.35 
0.41 
0.47 
0.49 
0.62 
0.52 
1.99 
0.79 

.101 

.111 

.084 
.092 
.118 
.169 
.072 
.093 
.119 
.129 
.149 
.214 

.0000 
.0000 
.0000 
.0001 
.0000 
.0040 
.0000 
.0000 
.0000 
.0000 
.0000 
.0061 

.24 
.19 
.18 
.17 
.16 
.09 
.13 
.12 
.13 
.12 
,08 
,22 

72,0 
61.4 
65.0 
61.7 
62.4 
37.1 
68.5 
74.4 
62.0 
72.6 
53.9 
24.9 

181 

403 

282 

859 

504 

1,348 

70 

68 

182 

35 

2,233 

805 

Average,      . 

1,696,000 

57 

61 

,13 

.0086 

.0065 

0.59 

.121 

.0009 

,15 

59.7 

581 

Filter  No.  68  was  scraped  August  8.  It  was  drained  on  the  following  dates :  January  22,  April 
18-27,  June  4  and  November  19-28.  It  was  raked  1  inch  deep  on  the  following  dates :  March  20,  Sep- 
tember 21,  November  13,  28,  December  11,  18  and  26.  It  was  run  as  a  continuous  filter  June  5-19. 
Began  to  flood  with  canal  water  and  sewage  November  28. 


No.  34.] 


FILTRATION   OF  WATEE. 
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Effluent  of  Filter  No.  69. 

[Parts  per  100,000.] 


Quantity 
of 

Temperature. 
Deg.  F. 

Ammonia. 

Nitrogen 

AS 

5| 

^1 

u 

1899. 

Gallons 

T3 
O 

« 

i 

1-^ 

So  5; 

per  Acre 
Daily. 

t^ 

s 

o 

la 

o 

2 

s 

u  o 

U  3  ® 

«oa 

< 

'A 

.19 

fH 

< 

O 

^i 

Zi 

O 

Cti 

n 

January,     . 

1,657,000 

46 

53 

.0010 

.0068 

0.29 

.092 

.0000 

.21 

38.9 

105 

February,  . 

1,631,000 

45 

50 

.21 

.0011 

.0068 

0.35 

.089 

.0000 

.22 

24.4 

114 

March, 

1,596,000 

45 

49 

.17 

.0002 

.0055 

0.39 

.075 

.0000 

.18 

26.7 

114 

April, 

1,602,000 

50 

51 

.16 

.0005 

.0055 

0.35 

.094 

.0000 

.16 

14.1 

111 

May,   . 

1,617,000 

58 

57 

.14 

.0056 

.0052 

0.37 

.092 

.0030 

.17 

8.1 

95 

June,  . 

1,539,000 

69 

71 

.11 

.0020 

.0054 

0.41 

.068 

.0055 

.13 

7.5 

193 

July,  . 

1,595,000 

73 

73 

.07 

.0030 

.0053 

0.46 

.066 

.0021 

.13 

3.7 

23 

August, 

1,611,000 

73 

70 

.09 

.0003 

.0047 

0.47 

.087 

.0000 

.12 

21.6 

11 

September, 

1,591,000 

66 

65 

.10 

.0007 

.0062 

0.48 

.047 

.0050 

.16 

14.6 

400 

October, 

1,570,000 

60 

60 

.09 

.0019 

.0050 

0.52 

.113 

.0013 

.12 

6.3 

45 

November, 

1,435,000 

45 

50 

.05 

.0012 

.0038 

1.81 

.127 

.0028 

.11 

11.4 

875 

December, . 

1,421,000 

52 

51 

.46 

.0900 

.0243 

0.74 
0.55 

.005 

.0000 

.43 

3.8 

3,750 

Average,      . 

1,572,000 

57 

58 

.15 

.0091 

.0070 

.079 

.0016 

.18 

15.1 

486 

Filter  No.  69  was  scraped  on  the  following  dates  :  January  9  and  August  8.  It  was  drained  on  the 
following  dates  :  January  22,  April  18-27,  June  4  and  November  19-28.  It  was  raked  1  inch  deep  on  the 
following  dates:  January  1,  March  23,  June  23,  September  21,  November  28  and  December  18-22.  It 
was  flooded  with  canal  water  and  sewage  September  24-27.  Began  to  flood  it  with  canal  water  and 
sewage  November  28. 


Effluent  of  Filter  No.  109. 

[Parts  per  100,000.] 


Quantity 
of 

Temperature. 
Deg.  F. 

Ammonia. 

Nitrogen 
as 

a 

Effluent. 

m 

1899. 

Gallons 

c 

a) 
C 

S 

i 

S«g 

per  Acre 
Daily. 

a, 

a 

s 

£ 

s'a 

3 

2 

r 

oag 

< 

H 

o 

Em 

<j 

o 

izi 

'A 

o 

CQ 

January,    . 

2,397,000 

54 

53 

.17 

.0010 

.0065 

0.30 

.055 

.0000 

.18 

25 

February, 

2,776,000 

53 

49 

.16 

.0008 

.0060 

0.35 

.094 

.0000 

.16 

84 

March, 

2,672,000 

50 

48 

.13 

.0001 

.0047 

0.41 

.092 

.0000 

.14 

37 

April, 

2,574,000 

54 

51 

.14 

.0003 

.0047 

0.32 

.083 

.0000 

.13 

25 

May,   . 

2,602,000 

68 

57 

.12 

.0002 

.0042 

0.37 

.068 

.0000 

.15 

490 

June,  . 

2,621,000 

71 

70 

.11 

.0004 

.0047 

0.41 

.056 

.0000 

.12 

123 

July,  . 

2,565,000 

74 

73 

.06 

.0002 

.0044 

0.47 

.065 

.0000 

.13 

24 

August, 

2,693,000 

72 

70 

.08 

.0003 

.0046 

0.47 

.083 

.0000 

.12 

9 

September, 

2,923,000 

66 

65 

.09 

.0002 

.0049 

0.48 

.067 

.0000 

.09 

88 

October,     . 

2,797,000 

62 

59 

.07 

.0001 

.0047 

0.52 

.116 

.0000 

.09 

11 

November, 

2,547,000 

51 

50 

.05 

.0000 

.0032 

1.38 

.111 

.0000 

.08 

579 

December, 

2,337,000 

52 

52 

.19 

.0468 

.0108 

0.75 

.105 

.0095 

.23 

338 

Averag 

^1 

2,625,000 

60 

53 

.11 

.0042 

.0053 

0.52 

.082 

.0008 

.14 

149 

Filter  No.  109  was  scraped  August  8.   It  was  drained  January  22,  April  18-May  1  and  November  19-28. 

Summary  of  Bacterial  Analyses  of  Water  applied  to  and  Effluents  from  Filters 
Nos.  68,  69  and  109, 1899. 


Samples  fbom 

Average 
Number  of 
Bacteria. 

Per  Cent. 

Removed 

(Efficiency). 

Number  of 
Samples 
Tested  for 

B.  Coll 
Communis. 

Number  of 

Times 

B.  Coli 

Communis 

was  found. 

Average 
Number  of 

B.  Coll 
Communis. 

Per  Cent,  of 
Samples 

Containing 
B.  Coli 

Communis. 

Applied  water  for  68  and  69, 
Filter  No.    68,         .... 
Filter  No.    69 

Filter  No.  109 

40,800 
681 
486 

149  1 

98.82 

98.81 

A=99.46 

B=72.0O 

278 
282 
281 

1      280 

276 
49 
52 

39 

768.00 
0.76 
8.09 

99.30 
17.38 
18.51 

13.93 

A  refers  to  applied  water  for  Filters  Nos.  68  and  69. 

B  refers  to  combined  efiiuents  from  Filters  Nos.  68  and  69. 
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Filter  No.  86. 
This  filter,  containing  48  inches  in  depth  of  coal  ashes, -was  in 
operation  during  seven  months  of  the  year,  filtering  the  river  water 
at  an  average  rate  of  2,863,000  gallons  per  acre  daily.  The  re- 
sults of  its  operation  were  similar  to  those  obtained  in  previous 
years;  namely,  good  chemical  purification  of  the  applied  water, 
but  poor  bacterial  results.  The  filter  was  not  scraped  or  raked 
during  its  period  of  operation.  Tables  giving  the  average  monthly 
chemical  and  bacterial  analyses  follow  :  — 


Number  of  Bacteria  and  B.  Coli  Communis  x>er  Cubic  Centimeter  in  the  Effluent 

of  Filter  No.  86. 


1S99. 

Mat. 

June. 

JULT. 

August. 

Septkmbbr. 

October. 

NOVEMBEB. 

DAT  OF  Month. 

3 

3 

3 

go 

'S 

3 

3 

3 

1 

A 

a 

.5 

a 

rt 

a 

.5 

a 

.5 

a 

« 

a 

a 

1 

"C 

53 

"C 

=53 

b 

=sa 

==:a 

*b 

sa 

T^ 

:=!a 

•E 

aa 

■§ 

o  o 

1 

o  o 

t3 

o  o 

1 

o  S 

65 

■§ 

O  o 

•s 

O  o 

« 

M 

n 

M 

M 

M 

n 

« 

M 

n 

w 

« 

« 

1,      .       .        . 

92 

0 

604 

1 

111 

2 

36 

1 

-  71 

1 

2, 

430 

0 

32 

0 

_ 

_ 

116 

0 

31 

6 

12 

0 

166 

1 

3, 

246 

0 

53 

0 

621 

0 

153 

3 

_ 

_ 

118 

0 

86 

0 

4, 

413 

0 

- 

- 

- 

_ 

285 

0 

_ 

_ 

95 

0 

126 

1 

5. 

134 

0 

119 

0 

177 

0 

198 

2 

16 

0 

93 

0 

_ 

_ 

6, 

100 

0 

55 

0 

596 

1 

_ 

_ 

530 

0 

16 

0 

_ 

_ 

7, 

_ 

_ 

90 

0 

621 

3 

27 

0 

498 

2 

26 

0 

53 

0 

8, 

396 

0 

64 

2 

1,299 

2 

18 

1 

590 

0 

- 

_ 

100 

1 

9. 

89 

1 

49 

0 

- 

- 

163 

0 

160 

1 

21 

0 

113 

1 

10, 

54 

1 

69 

0 

346 

0 

35 

0 

_ 

_ 

78 

0 

117 

0 

11. 

112 

0 

- 

_ 

11 

0 

63 

0 

470 

0 

68 

0 

80 

0 

12, 

34 

0 

153 

0 

89 

0 

54 

1 

828 

0 

26 

0 

_ 

_ 

13, 

50 

0 

183 

0 

9 

0 

_ 

29 

0 

40 

0 

26 

1 

14. 

_ 

_ 

98 

1 

13 

0 

216 

_ 

25 

0 

_ 

_ 

42 

0 

15, 

50 

0 

57 

0 

12 

0 

43 

0 

923 

0 

_ 

_ 

40 

0 

16, 

256 

0 

290 

0 

_ 

_ 

32 

0 

356 

0 

91 

0 

142 

0 

17. 

308 

10 

- 

- 

2 

0 

_ 

_ 

_ 

_ 

19 

0 

85 

0 

18, 

155 

0 

- 

- 

2 

0 

56 

0 

110 

0 

27 

0 

133 

0 

19, 

92 

0 

80 

0 

18 

0 

143 

0 

346 

0 

22 

0 

_ 

_ 

20, 

143 

0 

37 

0 

11 

0 

_ 

_ 

295 

0 

118 

0 

73 

0 

21, 

_ 

_ 

88 

0 

18 

0 

112 

4 

26 

0 

330 

0 

_ 

22, 

124 

1 

63 

2 

40 

0 

65 

0 

629 

0 

_ 

_ 

_ 

_ 

23, 

173 

0 

260 

3 

- 

_ 

38 

4 

75 

0 

176 

0 

_ 

_ 

24, 

227 

0 

108 

2 

6 

1 

37 

1 

_ 

_ 

86 

0 

_ 

_ 

25, 

212 

0 

- 

- 

6 

0 

23 

0 

118 

0 

51 

0 

_ 

_ 

26, 

53 

0 

272 

0 

41 

2 

36 

0 

153 

0 

47 

0 

_ 

_ 

27, 

1,358 

0 

103 

0 

44 

0 

_ 

- 

975 

0 

42 

0 

_ 

- 

28, 

_ 

_ 

468 

1 

85 

1 

93 

1 

154 

0 

68 

0 

- 

- 

29, 

68 

0 

424 

0 

184 

2 

24 

1 

128 

0 

- 

_ 

_ 

- 

30, 

_ 

_ 

898 

0 

_ 

_ 

92 

0 

27 

0 

54 

0 

_ 

_ 

31, 

113 

0 

- 

- 

337 

0 

27 

2 

- 

- 

32 

0 

- 

- 

A 

vera; 

?e,    . 

212 

- 

168 

- 

208 

- 

87 

- 

301 

- 

70 

- 

91 

- 
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Effluent  of  Filter  No.  86. 

[Parts  per  100,000.] 


Quantity 
of 

Tempebatdkb. 
Deg.  F. 

Ammonia. 

NiTKOGBN 

AS 

•a 

.2  ^ 

O  be 

Effluent. 

1899. 

Gallons 

per  Acre 

Daily. 

u 
.2  OS 

3 

i 

6 

■a 
o 

II 

a 

1 

1 

a 

O  3  2 

osoS 

<1 

H 

O 

b. 

< 

o 

•A 

^i 

o 

^ 

n 

May,   . 

2,845,000 

. 

. 

. 

_ 

_ 

_ 

. 

. 

56.4 

212 

June,  . 

2,864,000 

73 

71 

.15 

.0004 

.0058 

.25 

.034 

.0000 

.13 

10.2 

168 

July,  . 

2,819,000 

76 

76 

.10 

.0003 

.0052 

.28 

.041 

.0000 

.12 

21.2 

208 

August, 

2,812,000 

74 

72 

.11 

.0014 

.0071 

.28 

.031 

.0013 

.16 

33.3 

87 

September, 

3,060,000 

67 

61 

.11 

.0018 

.0074 

.35 

.035 

.0006 

.13 

2.0 

301 

October, 

2,798,000 

58 

56 

.13 

.0002 

.0063 

.36 

.045 

.0000 

.16 

6.6 

70 

November, 

2,845,000 

40 

43 

.23 
.14 

.0008 

.0091 

.35 

.032 

.0000 

.27 

42.0 

91 

Average, 

2,863,000 

66 

63 

.0008 

.0068 

.31 

.036 

.0003 

.16 

24.5 

162 

Filters  Nos.  122  and  126. 
During  the  year  preliminary  studies  upon  the  removal  of  color 
from  water  have  been  made  with  Filters  Nos.  122  and  126.  The 
first  of  these  filters,  No.  122,  contained  5  feet  in  depth  of  a  mixture 
of  coarse  sand  and  iron  turnings  and  filings ;  and  the  second,  No. 
126,  contained  41/2  feet  in  depth  of  brown  hematite,  such  as  was 
used  in  the  experiments  upon  the  purification  of  sewage  mentioned 
on  page  474.  Both  filters  were  quite  successful  at  times  in  remov- 
ing the  color  of  the  canal  water  applied  to  them,  but  discussions 
in  regard  to  the  results  of  their  operation  will  be  postponed  until 
their  action  and  the  conditions  governing  it  are  more  thoroughly 
understood,  and  other  investigations  upon  this  subject  have  been 

made. 

Effluent  of  Filter  No.  122. 

[Parts  per  100,000.] 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

Daily. 

Temperature. 
Dbq.  F. 

i 

o 
O 

Ammonia. 

a 
1 
13 
o 

Nitrogen 

AS 

-d 

§ 

3 

c  3 
So 
to 

o 

SI 

4 

t-, 

aj  o  iH 

o  a  " 

■SOS 

1899. 

< 

3 

<0 

o 

if 

« 

2 

May,   . 
June,  . 
July,   . 
August, 
September, 
October,      . 
November, 

1,957,000 
1,878,000 
1,909,000 
1,627,000 
2,122,000 
1,985,000 
1,760,000 

58 
73 
76 
74 
67 
58 
40 

58 
72 
76 
71 
65 
57 
45 

.28 
.12 
.15 

.09 
.07 
.07 
.07 

.0165 
.0102 
.0177 
.0139 
.0061 
.0130 
.0162 

.0087 
.0106 
.0114 
.0084 
.0085 
.0072 
.0085 

.16 
.23 
.29 
.29 
.38 
.35 
.35 

.003 
.000 
.001 
.002 
.019 
.002 
.002 

.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 

.15 
.15 
.14 
.13 
.08 
.09 
.11 

0.7 
1.0 
1.2 
2.0 
1.6 
3.8 
3.8 

841 
225 
133 
150 
798 
71 
110 

Average, 

1,891,000 

64 

63 

.12 

.0134 

.0090 

.29 

.004 

.0000 

.12 

2.0 

333 
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Number  of  Bacteria  and  B.  Coli  Communis  per  Cubic  Centimeter  in  the  Effluent 

of  Filter  No.  122. 


1899. 

Mat.       1 

June. 

Jdlt.       I 

August,    j 

September. 

lOCTOBEB.    1 

KOVEUBER. 

Day 
OF  Month. 

c 
a 

a 

c 

3 

a 

1 

"a 
a 

a 
=§1 

a 

a 
11 

c 

a 

a 
o6 

OS 

i 

t5 

c 
a 

a 

=31 

.2 
't-i 

1 

c 

a 

is 

PQ 

n 

w 

M 

« 

n 

P3 

M 

03 

m 

P3 

» 

P3 

M 

1.    . 

- 

- 

268 

0 

89 

12 

212 

2 

- 

- 

- 

- 

259 

1 

2,    . 

28,200 

0 

174 

0 

- 

- 

275 

0 

- 

- 

135 

0 

582 

1 

3, 

19,300 

0 

608 

0 

510 

5 

173 

5 

- 

- 

160 

0 

275 

1 

4. 

6,400 

0 

- 

- 

- 

- 

135 

8 

- 

- 

52 

0 

448 

6 

5, 

5,100 

0 

1,234 

0 

105 

0 

406 

1 

63 

2 

60 

0 

- 

- 

6> 

11,400 

0 

280 

0 

308 

0 

- 

- 

339 

2 

29 

0 

116 

0 

7, 

- 

- 

1,030 

0 

689 

9 

73 

2 

1,205 

0 

95 

1 

116 

0 

8. 

7,200 

0 

986 

0 

621 

3 

62 

2 

540 

13 

- 

- 

345 

1 

9, 

4,600 

0 

1,518 

0 

- 

- 

80 

0 

1,672 

15 

53 

0 

167 

0 

10, 

3,500 

2 

1,661 

0 

108 

0 

78 

0 

- 

- 

104 

0 

103 

1 

11. 

1,000 

0 

- 

- 

840 

6 

95 

0 

338 

0 

135 

0 

153 

1 

12, 

800 

0 

1,460 

0 

1,059 

0 

93 

3 

193 

0 

45 

0 

- 

- 

13, 

300 

0 

163 

0 

364 

8 

- 

- 

1,059 

0 

85 

0 

64 

0 

14, 

- 

- 

2,130 

8 

434 

18 

39 

- 

1,533 

0 

- 

- 

45 

0 

15, 

1,400 

0 

2,498 

1 

446 

0 

25 

0 

2,044 

12 

- 

- 

3,749 

12 

16, 

2,800 

6 

2,153 

3 

- 

- 

- 

- 

2,519 

0 

168 

0 

- 

- 

17, 

1,000 

5 

- 

- 

206 

12 

- 

- 

- 

- 

32 

0 

143 

0 

18, 

597 

0 

- 

- 

161 

0 

63 

0 

240 

0 

74 

0 

176 

1 

19, 

400 

0 

103 

0 

803 

10 

133 

0 

185 

0 

109 

0 

- 

- 

20, 

700 

2 

165 

0 

466 

0 

- 

- 

108 

1 

115 

0 

53 

0 

21, 

- 

- 

840 

0 

263 

0 

163 

5 

63 

1 

65 

0 

- 

- 

22, 

335 

0 

1,238 

8 

386 

6 

102 

0 

233 

0 

- 

- 

- 

- 

23, 

1,140 

0 

3,767 

12 

- 

- 

124 

2 

526 

0 

178 

0 

332 

0 

24, 

681 

0 

1,329 

13 

28 

0 

20 

1 

- 

- 

63 

e 

1,399 

1 

25, 

316 

0 

- 

- 

37 

0 

- 

- 

118 

1 

87 

0 

- 

- 

26, 

218 

0 

356 

0 

204 

12 

- 

- 

103 

0 

68 

0 

- 

- 

27, 

566 

0 

476 

0 

436 

0 

- 

- 

163 

0 

275 

1 

1,618 

0 

28, 

- 

- 

436 

1 

190 

2 

450 

15 

105 

0 

144 

0 

861 

0 

29, 

424 

0 

3,025 

4 

89 

0 

63 

7 

135 

0 

- 

- 

888 

1 

30, 

- 

- 

5,804 

14 

- 

- 

- 

- 

- 

- 

94 

0 

- 

- 

31, 

653 

0 

- 

- 

406 

2 

- 

- 

- 

- 

75 

0 

- 

- 

I 

Lvers 

'ge.  • 

3,981 

- 

1,346 

- 

370 

- 

136 

- 

613 

- 

100 

- 

558 

- 
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Effluent  of  Filter  No.  126. 

[Parts  per  100,000.] 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

Daily. 

Tempekatdre. 
Deg.  F. 

o 
o 

.80 
.33 
.09 
.08 
.09 
.12 
.17 

Ammonia. 

o 

5 

NiTEOGEN 

AS 

a 

c 
o 

u  o 

Li     1 

1899. 

< 

3 

■a 
'o 

g 
g 

B 

O  s  J) 

P5 

May,   . 
June,  . 
July,  • 
August, 
September, 
October,      . 
November, 

1,010,000 
976,000 
1,083,000 
2,063,000 
2,123,000 
2,271,000 
2,400,000 

58 
73 
76 
74 
67 
58 
40 

61 

74 
77 
73 
66 
56 
44 

.0036 
.0021 
.0045 
.0015 
.0011 
.0011 
.0019 

.0066 
.0079 
.0058 
.0070 
.0080 
.0081 
.0094 

.15 

.22 
.27 
.33 
.38 
.35 
.35 

.001 
.010 
.033 
.031 
.028 
.043 
.036 

.0000 
.0001 
.0001 
.0003 
.0030 
.0003 
.0000 

.09 
.07 
.09 
.10 
.13 
.14 
.20 

18.9 
12.7 
17.7 
10.0 
9.8 
13.5 
48.0 

20,600 
1,050 
450 
488^ 
423 
113 
64 

Average, 

1,704,000 

64 

64 

.24 

.0023 

.0075 

.026 

.0005 

.12 

18.7 

3,313 

Summary  of  Bacterial  Analyses,  1899. 


Samples  feom  — 

Average 
Number  of 
Bacteria. 

Per  Cent. 

Removed 

(Efficiency). 

Number  of 
Samples 
Tested  for 

B.  Coli 
Communis. 

Number  of 

Times 

B.  Coli 

Communis 

was  found. 

Average 
Number  of 

B.  Coli 
Communis. 

Per  Cent,  of 

Samples 
Containing 

B.  CoU 
Communis. 

Canal  water. 

Filter  No.    86,      .        .        . 

5,700 
165 

97.10 

297 
166 

287 
38 

40.00 
0.45 

96.63 
22.89 

THE 

OCCUERENCE  OF  lEON  IN   GROUND  WATERS 

AND 

EXPERIMENTS  UPON  METHODS  OF  EEMOYAL. 


By  Harry  W.  Clark,  Chemist  of  the  Board. 
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THE  OCCUREENCE  OE  IRON  IN  GROUND  WATERS  AND  EX- 
PERIMENTS UPON  METHODS  OP  REMOVAL. 


By  Haert  W.  Clark,  Chemist  of  the  Board. 


The  presence  of  iron  in  water  drawn  from  the  ground  is  a  common 
occurrence.  Of  the  forty  or  more  public  ground-water  supplies  of 
Massachusetts,  not  one  is  entirely  free  at  all  times  from  iron,  but 
only  a  few  contain  iron  in  an  amount  sufficient  to  be  objectionable. 

The  reason  that  some  of  our  potable  ground  waters  contain  con- 
siderable iron  is  quite  well  known,  but  may  be  stated  again  as  fol- 
lows :  as  rain  water  percolates  through  the  ground  it  comes  in  contact 
in  many  places  with  organic  matter  to  such  an  extent  that  in  many 
cases  the  dissolved  oxygen,  with  which  it  is  saturated  when  reaching 
the  ground,  is  exhausted  in  oxidizing  this  organic  matter,  carbonic 
acid  takes  its  place  and  a  considerable  amount  of  organic  matter  is 
also  taken  into  solution.  Nearly  all  soils  and  gravels  contain  iron 
in  combination  with  silica  and  other  mineral  substances.  Pure 
water  has  but  little  effect  on  this  combined  iron.  Water  as  just 
described,  however,  containing  organic  matter  in  solution  with  free 
carbonic  acid  and  no  free  oxygen,  often  exerts  a  decided  action  on 
many  soils  and  rocks,  whereby  iron  and  other  basic  oxides  are  dis- 
solved as  bicarbonates.  Ferrous  bicarbonate,  upon  exposure  of  the 
water  to  the  air,  changes  to  ferric  hydrate  and  precipitates.  If  the 
iron  in  the  water,  however,  is  caused  by  the  oxidation  of  iron  pyrites, 
it  will  occur  in  the  form  of  ferrous  sulphate  and  the  hydrate  will  pre- 
cipitate more  slowly.  These  same  phenomena  also  often  occur  when 
surface  water,  such  as  river  water,  polluted  with  organic  matter,  per- 
colates through  the  ground  to  a  well.  This  change,  and  the  taking 
into  solution  of  any  considerable  amount  of  iron,  undoubtedly  only 
takes  place  where  there  is  an  entire  absence  of  oxygen.  It  does  not 
necessarily  follow,  however,  that  ground  water  containing  consider- 
able iron,  drawn  or  pumped  from  wells  or  filter  galleries,  must  show 
an  entire  absence  of  free  or  dissolved  oxygen,  as  some  of  the  water 
entering  may  come  through  different  soil  strata  than  other  portions, 
or  may  have  been  of  a  purer  character  originally,  and  hence  its  oxy- 
gen has  not  become  exhausted  during  filtration  through  the  ground. 
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In  the  following  table  are  given  the  results  of  determinations 
of  the  free  or  dissolved  oxygen  and  carbonic  acid  present  in  the 
water  of  many  of  these  ground-water  supplies,  together  with  average 
sanitary  analyses  of  these  supplies.  The  determinations  of  oxygen 
and  carbonic  acid  are  not  single  determinations,  but  averages  of  a 
number  made  during  the  past  two  or  three  years. 

An  examination  of  the  table  makes  clear  that  only  three  of  the 
averages  denote  an  entire  absence  of  free  oxygen  in  the  water  sup- 
ply, although  in  a  number  of  others  the  amount  present  is  small. 
It  is  the  supplies  containing  no  oxygen  that  contain  the  greatest 
amount  of  iron  in  solution,  although  several  of  those  low  in  oxygen 
contain  an  objectionable  amount.  Two  analyses  are  given  of  Prov- 
incetown  water ;  the  first  analysis  represents  the  supply  as  formerly 
pumped  from  tubular  wells,  and  contains  no  oxygen  but  a  very  large 
amount  of  carbonic  acid,  and  the  second  analysis  represents  the  pres- 
ent supply  as  pumped  from  an  open  basin  in  the  ground  excavated 
near  the  wells,  and  this  water,  while  still  containing  a  large  amount 
of  iron  and  carbonic  acid  in  solution,  has  always  when  examined  con- 
tained some  free  oxygen. 

[Parts  per  100,000.] 


2 
o 
a 

B 

o 
El 

Ammonia. 

o 
S 

0.34 

Nitrogen 

AS 

a 

3 

c 
o 

o 

s 

bo 

« 
o 

1 
IS 

o 

< 

o 
o 

•s 

■Si 

^ 

'o 
c 

a 

3 
< 

1 

S 

oj  fc-  O 
MS  3 
>>C-(  CS 

O 

Attleborough, 

0.02 

4.15 

.0000 

.0020 

.0100 

.0000 

.06 

1.9 

.0060 

3.598 

32.3 

Brookline,    . 

0.00 

8.90 

.0020 

.0034 

0.56 

.0320 

.0002 

.13 

4.7 

.0050 

2.297 

17.5 

Cohasset, 

0.09 

14.90 

.0004 

.0024 

1.71 

.0400 

.0001 

.05 

6.3 

.0660 

4.634 

9.7 

Dedham, 

0.00 

10.30 

.0010 

.0028 

0.91 

.2400 

.0000 

.04 

3.9 

.0040 

2.670 

48.6 

Easton, 

0.01 

4.60 

.0000 

.0008 

0.44 

.0500 

.0000 

.02 

1.3 

.0030 

2.757 

55.9 

Fairhaven,     . 

0.17 

5.20 

.0000 

.0054 

0.84 

.0270 

.0001 

.22 

1.6 

.0100 

2.175 

37.8 

Framingham, 

0.05 

9.20 

.0026 

.0040 

0.90 

.0410 

.0001 

.05 

3.1 

.0140 

2.395 

34.1 

Grafton, 

0.03 

9.70 

.0000 

.0040 

0.97 

.1360 

.0000 

.06 

3.0 

.0200 

1.912 

86.0 

Hyde  Park  (old  supply). 

0.07 

11.65 

.0142 

.0041 

1.62 

.1010 

.0006 

.10 

4.6 

.0540 

4.688 

23.0 

Hyde  Park  (new  supply), 

0.00 

8.80 

.0000 

.0010 

1.03 

.2300 

.0001 

.02 

2.9 

.0020 

3.446 

73.7 

Kingston, 

0.02 

4.30 

.0000 

.0002 

0.78 

.0080 

.0000 

.02 

1.1 

.0010 

2.033 

67.9 

Lexington,     . 

0.37 

11.10 

.0002 

.0144 

0.74 

.1080 

.0001 

.56 

4.4 

.0100 

2.033 

75.4 

Lowell  (boulevard  system), 

0.12 

4.46 

.01001.0038 

0.27 

.0200 

.0001 

.09 

1.7 

.0400 

1.839 

15.8 

Lowell  (Cook  system), 

0.05 

8.80 

.0000 

.0048 

0.48 

.0860 

.0000 

.12 

3.8 

.0060 

3.955 

10.2 

Lowell  (hydraulic  system). 

0.16 

8.40 

.0072 

.0042 

0.36 

.0070 

.0000 

.17 

3.1 

.0410 

4.455 

3.9 
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o 
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Q 

2 
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o 
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o 
o 

Nitrogen 

AS 

1 

a 
c 

a 

c 
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a 

u 
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■Si 
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H 
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S 

—  O 

bj;t<  o 
O 

Lowell    (Cook    and    hydraulic  sys- 
tem). 
Maiden 

0.09 

8.75 

.0033 

.0051 

0.44 

.0200 

.0001 

.14 

3.4 

.0245 

4.310 

13.5 

0.03 

29.30 

.0002 

.0016 

2.71 

.4200 

.0000 

.03 

15.6 

.0020 

3.164 

43.1 

Marblehead 

0.30 

15.65 

.0273 

.0029 

1.66 

.0005 

.0000 

.07 

7.0 

.3000 

3.648 

0.9 

Methaen 

0.07 

6.80 

.0000 

.0026 

0.33 

.0160 

.0000 

.18 

3.0 

.0030 

1.175 

7.7 

Mlddleborough 

0.30 

6.40 

.0014 

.0052 

0.63 

.0150 

.0000 

.14 

2.6 

.0870 

4.883 

24.0 

Milford 

0.44 

4.50 

.0002 

.0088 

0.31 

.0040 

.0000 

.65 

1.0 

.0040 

1.557 

39.2 

Mlllbury, 

0.02 

4.70 

.0000 

.0008 

0.23 

.0120 

.0000 

.02 

2.0 

.0010 

3.676 

27.2 

Newton 

0.05 

5.85 

.0003 

.0025 

0.45 

.0390 

.0000 

.08 

2.5 

.0020 

1.649 

61.0 

Norwood  (tubular  test  wells),  . 

0.00 

8.45 

.0000 

.0012 

0.61 

.2240 

.0000 

.03 

3.3 

.0050 

2.994 

50.4 

Provincetown  (tubular  wells),    . 

1.71 

9.50 

.0116 

.0115 

2.28 

.0045 

.0000 

.72 

3.4 

.8800 

4.000 

0.0 

Provincetown  (open  reservoir), 

1.18 

10.50 

.0006 

.0260 

2.60 

.0040 

.0001 

.78 

2.5 

.3600 

2.485 

10.0 

Reading  (before  filtration), 

0.85 

9.70 

.0120 

.0178 

0.39 

.0050 

.0000 

.82 

3.0 

.2250 

2.172 

0.0 

Reading  (after  filtration),   . 

0.30 

17.30 

.0038 

.0108 

0.46 

.0050 

.0005 

.38 

9.7 

.0210 

1.214 

92.3 

Revere, 

0.01 

14.70 

.0002 

.0004 

1.26 

.3400 

.0004 

.02 

7.1 

.0010 

3.659 

9.1 

Sharon, 

0.00 

8.60 

.0000 

.0006 

1.08 

.2520 

.0000 

.02 

2.9 

.0030 

2.130 

93.4 

Watertown 

0.95 

8.75 

.0448 

.0104 

0.55 

.0015 

.0001 

.53 

- 

.6000 

- 

0.0 

Webster 

0.00 

3.60 

.0000 

.0010 

0.23 

.0140 

.0000 

.03 

0.8 

.0010 

1.874 

50.0 

Wellesley 

0.03 

6.70 

.0008 

.0021 

0.58 

.0520 

.0000 

.05 

2.7 

.0040 

2.516 

63.5 

Experiments  on  Filtration. 

Experiments  upon  the  removal  of  iron  from  five  supplies  have 
been  made  during  the  past  few  years :  namely,  Provincetown  (old 
supxjly),  Provincetown  (new  supply),  Watertown,  Marblehead  and 
Reading. 

When  iron  occurs  as  ferrous  carbonate  in  solution  in  a  water  con- 
taining little  or  no  free  oxygen  and  but  a  small  amount  of  organic 
matter,  the  carbonic  acid  present  is  readily  driven  out  by  aeration 
or  exposure  to  the  air,  the  iron  being  oxidized  by  this  aeration  first 
to  sesquioxide  of  iron  which  then  precipitates  as  hydrate,  and  can  be 
easily  removed  by  filtration  through  sand.  Several  filter  plants  upon 
a  somewhat  large  scale  are  in  operation  in  this  country  where  the 
iron,  present  in  the  ferrous  condition  and  in  a  water  containing  little 
organic  matter,  is  easily  removed  in  this  manner ;  the  filters  at  Far 
Rockaway,  Long  Island,  and  Red  Bank,  New  Jersey,  being  notable 
examples.     At  Asbury  Park,  New  Jersey,  iron  is  removed  from  a 
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water  supply  by  pressure  filters,  but  it  is  evident  from  the  investiga- 
tion and  report  of  Dr.  T.  M.  Drown,  made  at  the  time  these  filters 
were  installed,  that  simple  sand  filtration  after  aeration  would  be 
quite  as  effective  in  this  instance  also.  There  are  no  sand  filters  for 
the  removal  of  iron  from  water  in  operation  in  this  State,  but  the 
two  experiments  made  by  the  Board  at  Watertown  and  Marblehead, 
here  described,  illustrate  the  ease  and  completeness  of  the  removal 
of  iron  when  present  in  the  form  and  condition  just  stated. 

Experimental  Filtration  at  Watertown. 

At  Watertown,  previous  to  the  introduction  of  the  metropolitan 
supply,  a  portion  of  the  water  pumped  contained  a  considerable 
quantity  of  iron.  The  main  supply  of  the  town  was  from  a  filter 
gallery  and  a  large  circular  well  near  the  Charles  River,  but,  in 
addition  to  this,  tubular  wells  were  sunk  about  1,000  feet  down 
the  river  from  the  main  filter  gallery  ;  these  wells  being  about  4 
inches  in  diameter  and  from  25  to  30  feet  deep.  They  were  in  a 
swampy  locality,  penetrating  into  gravel,  but  with  a  deep  layer  of 
heavy  soil  over  the  gravel,  and  the  water  when  pumped  from  them 
had  a  very  strong  odor  of  carburetted  hydrogen,  contained  no  dis- 
solved oxygen  and  was  highly  colored  by  the  iron  and  organic  mat- 
ter present.  In  order  to  remove  the  odor  from  the  water  it  was 
aerated  in  the  following  manner  :  as  pumped  from  the  wells  it  passed 
into  an  upright  pipe  about  5  feet  high,  from  which  it  overflowed  into 
a  wooden  basin  about  4  feet  square,  with  a  perforated  bottom  ;  from 
this  basin  it  fell  into  a  similar  basin  slightly  larger  than  the  first, 
and  from  there  flowed  into  the  large  filter  gallery  or  well,  previously 
mentioned,  and  was  thus  mixed  with  the  main  supply.  With  the 
large  volume  pumped,  the  water  passed  rapidly  through  this  aerat- 
ing device,  foaming  violently,  and  was  freed  to  a  considerable  extent 
from  the  carburetted  hydrogen  and  carbonic  acid  present  in  it  as  it 
came  from  the  ground,  and  a  considerable  quantity  of  free  oxygen 
was  introduced. 

During  May,  1897,  a  small  filter,  consisting  of  an  iron  tank  20 
inches  in  diameter  and  containing  20  inches  in  depth  of  sand  of  an 
effective  size  of  0.24  millimeter,  was  put  into  operation  by  the 
Board  to  receive  a  portion  of  the  water  that  came  from  the  lower 
wooden  basin  of  the  aerating  plant.  The  filter  was  first  started  at 
the  rate  of  40,000,000  gallons  per  acre  daily,  but  was  operated  during 
only  a  portion  of  the  day ;  that  is,  when  the  pump  was  running,  or 


No.  34.] 


IRON  IN   GROUND   WATERS. 


541 


generally  for  five  or  six  hours  only.  During  July  the  rate  was  20,- 
000,000  gallons  per  acre  daily,  and  during  August  and  the  first  part 
of  September,  10,000,000  gallons  per  acre  daily.  Frequent  samples 
of  the  water  before  and  after  filtration  were  taken  during  these  months 
and  the  results  in  parts  per  100,000  were  as  follows :  — 


Applied  Water. 


June, 
July, . 

August,     . 
September, 


0.33 
0.29 
0.26 
0.29 


0.0390 
0.0274 
0.0240 
0.0268 


Month. 

Color. 

Iron. 

Hardness. 

0.97 
1.11 
0.91 

0.2000 
1.3000 
0.2920 

3.8 

July, 

3.7 

3.7 

Filtered  Water. 

3.9 
3.9 
3.6 
3.6 


During  all  this  period  the  filter  was  operated  without  any  atten- 
tion except  the  removal  of  iron  from  its  surface  during  July.  It 
will  be  seen  from  the  figures  given  that  the  filter  was  nearly  as 
effective  when  operating  at  the  rate  of  40,000,000  gallons  per  acre 
daily  for  six  hours  in  a  day  as  when  operating  at  the  rate  of  10,000,- 
000  gallons  per  acre  daily  for  the  same  period.  The  hardness  of  the 
water  was  not  changed  by  filtration. 

Before  the  conclusion  of  this  experiment  by  the  Board  the  soil 
was  removed  by  the  Watertown  Water  Company  from  a  piece  of 
land  near  the  large  circular  well  previously  mentioned,  and  the 
water  from  the  tubular  wells  after  aeration  was  pumped  to  this  ex- 
cavation and  filtered  into  the  large  well  with  satisfactory  results. 
Soon  after,  however,  the  metropolitan  water  supply  was  introduced 
and  the  local  supply  abandoned. 

Experimental  Filtration  at  Marblehead. 

Marblehead  has  a  ground-water  supply,  drawn  from  two  large, 

circular  wells.     Considerable  iron  is  present  in  the  water  as  pumped 

to  the  town,  and  analyses  and  investigations  have  shown  that  this 

iron  comes  with  the  supply  drawn  from  Well  No.  2,  so  called.    Dur- 
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ing  the  last  week  of  January,  1898,  a  small  sand  filter  was  put  in 
operation  in  the  Marblehead  pumping  station.  The  filter  consisted 
of  a  galvanized  iron  tank,  20  inches  in  diameter,  and  containing  14 
inches  in  depth  of  coarse  sand  having  an  effective  size  of  0.40  milli- 
meter. Above  this  filter  were  placed  two  wooden  boxes  with  per- 
forated bottoms,  similar  to  those  at  Watertown,  previously  described. 
The  upper  box  was  5^  feet  above  the  level  of  the  sand  in  the  filter, 
and  the  lower  box  2^  feet  above  this  level.  During  February  the 
water  from  Well  No.  2  ran  directly  into  the  upper  box,  from  which 
it  dropped  to  the  lower,  and  from  this  passed  to  the  filter-bed.  The 
rate  of  filtration  was  placed  at  15,000,000  gallons  per  acre  daily  at 
the  beginning  of  each  month,  and  at  the  end  of  each  month  the  rate 
had  been  reduced  to  7,000,000  gallons  per  acre  daily;  caused  by 
the  clogging  of  the  surface  of  the  filter  with  iron  oxide,  no  change 
having  been  made  in  the  position  of  the  gate  at  the  outlet  of  the  fil- 
ter. The  following  table  gives  the  average  amount  of  color  and  iron 
and  the  average  hardness  of  the  unfiltered  and  filtered  water  during 
the  period  of  experiment :  — 

Applied  Water. 

[Parts  per  100,000.] 


Month. 

Color. 

Iron. 

Hardness. 

February, 

1.10 

.2400 

8.Q 

March 

- 

.2950 

8.1 

April 

- 

.2700 

7.8 

Effluent. 

February, 

.03 

.0025 

8.0 

March 

.02 

.0049 

8.1 

April 

.02 

.0040 

7.8 

At  the  end  of  the  first  month's  operation  at  this  rate  the  surface 
of  the  filter  was  scraped  and  the  sand  clogged  with  the  iron  oxide  was 
removed  to  the  depth  of  i  inch.  Iron  had  penetrated  to  some  slight 
extent  below  this  depth,  owing,  without  doubt,  to  the  coarseness  of 
the  sand  in  the  filter.  The  rate  was  again  placed  at  the  beginning  of 
March  at  15,000,000  gallons  per  acre  daily,  and  the  filter  continued 
in  operation  during  the  month.  During  this  month  the  applied 
water,  instead  of  being  aerated  by  passing  through  both  boxes  above 
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the  filter,  was  run  directly  into  the  lower  box,  and  from  this  dropped 
to  the  filter's  surface.  At  the  end  of  March  the  filter  was  ag-ain 
scraped  and  started  at  the  same  rate  as  before,  but  during  the  third 
month  of  operation — April  —  the  water  was  applied  directly  to  the 
filter,  without  any  aeration.  Operating  the  filter  in  this  way,  that 
is,  applying  the  water  directly  to  its  surface  without  aeration,  the 
iron,  instead  of  all  remaining  upon  or  near  the  surface  of  the  sand, 
penetrated  to  some  extent  to  a  depth  of  10  inches. 

Difference  of  Results  at  Waterlown  and  Marhlehead  due  to  Organic 

Matter. 
There  was  more  organic  matter  in  the  Watertown  water  than  in 
the  Marblehead  water  (see  table,  page  538),  and  the  water  as  drawn 
from  the  ground  at  Watertown  was  much  more  highly  colored  than 
the  water  when  first  pumped  from  the  well  at  Marblehead,  and  it 
will  be  noticed  by  a  comparison  of  the  results  that  the  iron  and 
color  were  more  completely  removed  by  filtration  at  Marblehead 
than  at  Watertown ;  the  effect  of  organic  matter  in  holding  iron  in 
solution  being  indicated  by  the  Watertown  results.  When  air  was 
drawn  through  the  Watertown  water,  the  iron  would  not  oxidize 
and  precipitate  in  less  than  two  or  three  days'  aeration  ;  while  with 
the  Marblehead  water,  the  iron  began  to  precipitate  in  a  few  hours 
after  being  taken  from  the  well,  even  without  any  greater  aeration 
than  exposure  to  the  air.  In  both  cases,  however,  better  results  were 
obtained  in  subsequent  filtration  by  aerating  in  the  manner  described 
as  used  with  the  experimental  filters  —  which  required  but  a  few  sec- 
onds —  than  by  drawing  air  through  the  water  for  a  much  longer 
period.  The  reason  for  this  is  not  clear,  but  the  foaming  of  the 
water  and  the  friction  when  passing  through  the  aerator  and  the  im- 
pact of  the  water  upon  the  sand  must  have  caused  the  difference. 

Experimental  Filtration  at  Provincetown. 
Provincetown  is  situated  at  the  extreme  end  of  Cape  Cod,  where 
the  land  has  been  formed  of  sand  drifted  by  ocean  currents  or  blown 
by  the  wind.  Buried  under  the  sand  at  various  depths  are  found 
layers  of  soil  and  decaying  organic  matter  that  were  evidently  at 
one  time  the  surface  of  the  ground,  but  have  been  covered  by  the 
shifting  sands  ;  and  this  phenomenon  and  the  covering  of  surface 
soil  and  even  fairly  large  trees  can  still  be  observed  going  on  at  the 
present  time. 
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A  public  water  supply  was  introduced  in  1893,  after  tests  in  1892, 
and  was  taken  from  a  system  of  six  tubular  wells,  5  inches  in  diame- 
ter and  about  28  feet  deep.  This  water  from  the  beginning  of  its 
use  contained  considerable  iron,  and  this  amount  increased  each 
year  that  the  water  supply  of  the  town  was  drawn  from  these  wells, 
as  shown  by  the  following  table  :  — 

Average  Amount  of  Iron  in  Provincetown  Water  (by  Years). 

[Parts  per  100,000.] 


SOUBCE. 

Year. 

Iron. 

Source. 

Year. 

Iron. 

Wells 

Wells 

Wells 

1893 
1894 
1895 

.1340 
.2212 
.3764 

Wells 

Wells 

Reservoir,        .... 

1898 
1897 
1898 

.5162 
.6083 
.2289 

Referring  to  the  table  on  page  538  it  will  be  seen  that  this  is  one 
of  the  few  supplies  containing  much  organic  matter  as  shown  by  the 
determinations  of  albuminoid  ammonia  and  oxygen  consumed.  The 
water  also  contains  a  large  amount  of  organic  coloring  matter. 

Beginning  in  1896  and  covering  a  period  of  several  years,  many 
experiments  were  made  on  methods  of  removing  the  iron  from  this 
water.  Experiments  similar  to  those  just  described  as  made  at 
Watertown  and  Marblehead  were  first  undertaken.  The  water  was 
aerated  by  several  methods  and  for  long  periods  and  filtered  through 
a  sand  filter  41  feet  in  depth.  The  experiments  were  continued  long 
enough' to  show  that  this  method  of  purification  could  not  be  applied 
successfully  to  this  water.  At  the  rate  of  1,000,000  gallons  per  acre 
daily  only  about  30  per  cent,  of  the  iron  was  removed,  and  at  the 
rate  of  500,000  gallons  per  acre  daily  the  percentage  was  not  changed. 
Reducing  the  rate  to  100,000  gallons  per  acre  daily  about  80  per  cent, 
of  the  iron  was  removed  by  the  filter.  The  iron  in  the  unfiltered 
water  during  these  experiments  averaged  .4760  part  per  100,000; 
and  with  the  best  purification  obtained  at  the  lowest  rate,  the  average 
amount  still  remaining  in  the  efiluent  of  the  filter  was  .0990  part  per 
100,000,  this  being  much  more  than  enough  to  render  the  water  tur- 
bid and  to  eventually  precipitate. 

Experiments  with  and  examinations  of  the  water  seemed  to  show 
that  the  ferric  oxide  after  the  change  from  the  ferrous  condition  was 
held  in  solution  by  the  organic  matter,  and  hence  simple  aeration 
and  sand  filtration  were  not  successful  in  removing  the  iron,  as  was 
the  case  in  the  Watertown  and  Marblehead  experiments. 
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Filtration  through  Coke. 

» 

Coke  Filter  No.  1. 
The  Provincetown  water  was  next  applied  at  the  rate  of  1,000,- 
000  gallons  per  acre  daily  to  a  small  filter  containing  4  feet  in  depth 
of  coke  breeze.  The  filter  remained  in  operation  three  months,  and 
the  result  was  that  a  clear,  colorless  water  was  obtained,  containing 
only  .0165  part  of  iron  per  100,000  and  with  but  a  slight  increase  of 
hardness.  In  regard  to  the  action  of  the  coke  by  which  a  large 
amount  of  iron  was  removed  from  the  water,  the  following  theory 
was  evolved,  and  subsequent  experience  with  this  water  and  other 
lines  of  filtration  at  the  experiment  station  have  seemed  to  show  its 
correctness ;  namely,  that  the  carbonic  acid  and  oxygen  present  in 
the  water  dissolved  the  metallic  iron  of  the  coke,  taking  a  small 
amount  into  solution  as  bicarbonate,  and  this  was  further  oxidized 
in  the  filter,  and  its  precipitation  as  hydrate  removed  from  the  water 
the  orgauic  matter  present,  and  this  allowed  the  iron  primarily  pres- 
ent in  the  water  to  precipitate  also.  When  this  filter  ceased  to  be 
operated  an  examination  of  it  showed  that  nearly  all  the  iron  re- 
moved from  the  water  was  held  in  the  upper  6  inches  of  coke. 

Coke  Filter  No.  2. 
In  December,  1896,  a  coke  filter  was  put  into  operation  at  Province- 
town.  This  filter  was  ^\-^  of  an  acre  in  area  and  contained  3|  feet 
in  depth  of  coke  breeze.  It  was  so  located  in  Provincetown  that  it 
received  the  water  that  had  passed  through  the  main  pipe  and  storage 
tank  of  the  system.  It  was  operated  at  the  rate  of  500,000  gallons 
per  acre  daily  and  continued  in  operation  for  eight  months.  The 
coke  for  this  filter  was  obtained  from  a  difierent  gas  plant  than  the 
coke  used  in  the  small  filter  at  Lawrence,  and  subsequent  analysis 
showed  that  it  contained  a  somewhat  greater  percentage  of  lime  and 
a  smaller  percentage  of  iron  than  the  Lawrence  coke.  The  following 
table  shows  the  work  of  the  filter  during  this  period  :  — 


Water  applied  to  the  Filter. 

[Parts  per  100,000.] 


Jan. 

Feb. 

March. 

April. 

May. 

June. 

July. 

Aug. 

Iron, 
Hardness, 

0.5300 
1.8000 

0.4100 
1.8000 

0.5500 
1.8000 

0.4300 
1.5000 

0.5000 
1.7000 

0.6000 
2.3000 

0.7000 
1.7000 

0.8800 
3.1000 
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Effluent  from  the  Filter. 

[Parts  per  100,000.] 

' 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

July. 

Aug. 

Iron, 

Hardness, 

0.0810 
6.0000 

0.0960 
5.8000 

0.0550 
6.1000 

0.0500 
7.0000 

0.0490 
6.5000 

0.0550 
9.0000 

0.1270 
6.3000 

0.4400- 
5.6000 

The  filter,  as  will  be  seen,  was  not  as  successful  as  the  small  filter 
at  the  experiment  station,  but  for  several  months  removed  a  large 
percentage  of  the  iron  from  the  water.  In  July,  however,  poorer 
work  was  done  and  in  August  only  50  per  cent,  of  the  iron  was 
removed.  In  explanation  it  can  be  said  that  three  factors  entered 
in  to  produce  this  result :  (1)  the  iron  in  the  applied  water  increased 
very  greatly  during  the  last  months  of  operation  of  the  filter;  (2) 
the  volume  of  dissolved  gases  present  in  the  water  decreased,  so  that 
there  was  not  enough  carbonic  acid  to  successfully  attack  the  iron  in  the 
coke  and  cause  the  actions  to  take  place  which  have  been  described  j 
and  (3)  exhaustion  or  oxidation  of  the  metallic  iron  in  the  coke. 

Early  in  March,  1897,  a  second  filter  was  put  into  operation,  and 
was  located  in  the  pumping  station  at  Provincetown.  This  filter 
was  20  inches  in  diameter  and  contained  4J  feet  in  depth  of  coke 
breeze.  As  it  was  placed  within  the  pumping  station,  it  received 
the  water  just  as  it  was  pumped  from  the  wells  and  before  the 
escape  of  any  of  the  dissolved  gases,  and  was  operated  at  the  rate 
of  1,000,000  gallons  per  acre  daily.  The  filter  was  kept  in  opera- 
tion for  six  months,  with  the  following  results,  the  water  applied  to 
it  containing  practically  the  same  amount  of  iron  as  given  in  the 
previous  table :  — 

Effluent  of  Coke  Filter  No.  2. 

[Parts  per  100,000.] 


March. 

April. 

May. 

June. 

July. 

Aug. 

0.0330 

0.0180 
9.0000 

0.0240 
9.2000 

0.0550 
9.0000 

0.0550 
9.9000 

0.4200 

Hardness 

8.5000 

7.500O 

The  filter  was  successful  for  five  months,  when  it  ceased  to  remove 
the  iron  from  the  applied  water.  Both  of  the  coke  filters,  more- 
over, increased  the  hardness  of  the  water  to  an  objectionable  extent. 
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With  both  of  these  coke  filters  the  lime  present  in  the  coke  may- 
have  exerted  an  influence  in  removing  the  iron,  but  it  was  by  no 
means  exhausted  when  the  filters  failed  to  work  successfully. 

At  this  time,  experiments  were  made  at  Provincetown  upon  pass- 
ing the  water  rapidly  through  a  filter  or  tower  of  coarse  coke  for 
aeration  and  partial  iron  removal,  as  is  quite  common  abroad,  and 
then  much  more  slowly  through  a  filter  of  sand.  A  small  percent- 
age of  the  iron  was  removed  from  the  water  by  the  coke  filter,  but 
it  passed  through  the  sand  filter  without  further  change  at  even  as 
low  a  rate  as  250,000  gallons  per  acre  daily. 

Filtration  through  Iron  followed  hy  Filtration  through  Sand. 

As  it  was  believed  that  the  metallic  iron  in  the  coke  was  the  cause 
of  the  results  obtained  upon  the  removal  of  iron  from  the  water  when 
passed  through  coke  filters,  experiments  with  iron  were  made  and 
it  was  found  that,  by  shaking  the  water  with  iron  filings,  precipita- 
tion of  the  iron  would  occur;  that  is,  iron  was  taken  into  solution, 
which  acted  as  a  coagulant  and  precipitant.  Following  this,  two 
filters  were  put  into  operation  in  the  pumping  station  at  Province- 
town  :  a  preliminary  filter  of  iron  filings  and  a  secondary  sand  filter. 
These  filters  were  20  inches  in  diameter,  the  first  one  containing  20 
inches  in  depth  of  iron  filings  and  turnings,  and  the  second  contain- 
ing 20  inches  in  depth  of  sand.  They  were  put  into  operation  in 
November,  1897,  and  continued  until  the  end  of  March,  1898,  a 
period  of  five  months,  at  a  rate  of  between  5,000,000  and  10,000,000 
gallons  per  acre  daily.  During  this  period  they  were  successful  in 
removing  a  large  percentage  of  the  iron  without  appreciably  increas- 
ing the  hardness  of  the  water,  as  shown  by  the  following  table, 
showing  the  results  of  four  months  of  operation  :  — 


[Parts  per  100,000.] 


Applied 
Water. 

Effluent. 

Applied 
Water. 

Effluent. 

Iron 

0.7500 

0.0526 

Hardness,         .... 

2.0000 

2.1000 

The  experiment  was  entirely  successful  except  that  the  iron  filings 
rusted  together,  so  that  at  the  end  of  the  period  water  passed  through 
them  with  difficulty  ;  and,  as  this  rusting  progressed,  the  water  passed 
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through  fewer  channels  in  the  iron  filter  and  hence  the  period  of  con- 
tact of  water  and  iron  was  shortened.  From  the  results  of  this  ex- 
periment it  was  considered  probable  that  if  a  water  was  brought  into 
contact  with  metallic  iron  in  a  revolving  cylinder,  similar  to  the  so- 
called  "Anderson  process  of  water  purification,"  the  gases  in  the 
water  would  attack  this  metallic  iron,  as  in  the  filter  of  iron  filings, 
and  enough  be  taken  into  solution  to  cause  a  precipitation  and  re- 
moval by  sand  filtration. 

At  this  time,  however,  the  water  supply  of  the  town  was  changed 
from  the  tubular  wells  to  a  large  open  well  or  reservoir  excavated 
near  the  wells,  and  beginning  April  1,  1898,  water  was  pumped  from 
this  new  reservoir  in  connection  with  the  driven-well  supply,  and  after 
April  23  the  entire  supply  of  the  town  was  drawn  from  this  new  reser- 
voir. This  changed  the  character  of  the  water  considerably.  The 
water  obtained  from  the  new  supply  contained  for  several  months 
much  less  iron  than  that  from  the  driven  wells,  but  the  amount  pres- 
ent gradually  increased.  Owing  to  exposure  to  the  air,  however,  in 
the  open  reservoir,  it  lost  so  much  of  its  carbonic  acid  gas  that  the 
removal  of  organic  matter  and  iron,  by^  the  precipitation  of  iron 
taken  into  solution  during  the  necessarily  limited  period  of  contact 
of  water  and  iron  in  the  cylinder,  and  subsequent  sand  filtration 
could  not  be  successfully  carried  out.  The  experiments  and  inves- 
tigations were  discontinued  for  a  time  with  the  introduction  of  the 
reservoir  water ;  but  as  the  iron  in  it  after  a  few  months  began  to 
increase  in  quantity  regularly,  just  as  the  iron  in  the  driven-well 
water  had  increased  after  its  introduction,  experiments  were  finally 
again  begun  to  find  a  method  of  so  treating  this  new  supply  that 
the  iron  could  be  removed  from  it  efficiently  and  economically. 

Contact  with  Iron  Strips,  followed  by  Sand  Filtration. 
As  the  iron  filings  and  turnings  in  the  filter  previously  described 
had  rusted  together,  and  become  useless  on  this  account,  and  also 
had  prevented  the  free  flow  of  water  and  adequate  contact  with  the 
iron,  an  apparatus  was  constructed,  containing  strips  of  iron,  through 
which  the  water  could  be  passed  comparatively  slowly,  but  faster 
than  ordinary  sand  filtration.  By  this  means  rusting  together  could 
be  prevented  and  the  time  of  contact  prolonged  so  that  sufficient 
,  action  could  take  place  for  enough  iron  to  be  taken  from  the  strips 
to  act  as  a  precipitant.  This  new  method  was  entirely  successful 
and  many  satisfactory  results  were  obtained  in  laboratory  experi- 
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ments ;  and  the  water,  when  treated  in  this  contact  filter  and  subse- 
quently filtered  through  sand,  was  rendered  practically  colorless  and 
free  from  iron.  The  following  experiment  is  illustrative  of  many  that 
were  made,  covering  a  considerable  period  :  — 

Provincetown  water,  having  a  color  of  1.20,  iron  contents  .6800 
part  per  100,000  parts  and  a  hardness  of  2.2  parts,  was  passed 
through  the  iron  contact  filter,  being  in  contact  with  the  iron  for  an 
average  period  of  one-half  hour,  and  then  through  a  shallow  sand 
filter  at  a  rate  of  10,000,000  gallons  per  acre  daily.  The  eflluent 
of  the  filter  had  a  color  of  .04,  contained  .0140  part  of  iron  and  had 
a  hardness  of  2.1 ;  98  per  cent,  of  the  iron  being  removed  and  the 
hardness  slightly  decreased. 

Removal  of  Iron  by  Potassium  Permanganate. 

It  was  determined  to  try  the  use  of  permanganate  as  an  oxidizing 
agent  for  changing  the  Provincetown  water  to  a  condition  that 
would  allow  the  iron  to  be  removed  by  filtration,  as  this  body  could 
not  increase  the  hardness  of  the  water  and  the  products  of  its  decom- 
position could  be  removed  by  filtration.  Its  use  in  water  purification 
for  the  oxidation  of  organic  matter  has  often  been  mentioned.  Prof. 
W.  R.  Nichols,  for  instance,  in  his  book  upon  "Water  Supply, 
Chemical  and  Sanitary,"  published  in  1883,  mentions  the  use  of 
potassium  permanganate  as  an  agent  for  the  oxidation  of  the  organic 
matter  present  in  a  water,  stating,  what  is  of  course  true,  that  the 
permanganate  in  destroying  the  organic  matter  is  itself  decomposed,, 
and  an  oxide  or  hydrate  of  manganese  separates  as  a  finely  divided 
solid  that  can  be  removed  by  filtration.  The  use  of  permanganate 
as  an  oxidizing  agent  in  the  removal  of  iron  from  waters  we  believe,^ 
however,  to  be  new. 

Theoretically,  1,000  pounds  of  KMnO^  per  1,000,000  gallons  of 
water  should  oxidize  the  iron,  in  a  water  containing  12.80  parts  per 
100,000  of  iron,  as  FeO  to  FcgOg.  As  the  Provincetown  water  rarely 
contains  over  1  part,  and  the  average  amount  in  the  water  from  this 
open  reservoir  during  1898  was  .23  of  a  part,  it  should  not  theo- 
retically take  more  than  18  pounds  of  permanganate  per  1,000,000 
gallons  of  water  to  oxidize  the  iron  present.  Considerable  perman- 
ganate is,  however,  when  this  water  is  treated  with  it,  consumed  in 
oxidizing  the  organic  matter  present,  and  this  is  perhaps  its  principal 
function.  Hence,  our  experiments  indicated  that  it  was  necessary  to 
add  at  difierent  times  from  50  to  75  pounds  per  1,000,000  gallons  of 
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Provincetown  water.  Many  experiments  were  made  upon  the  removal 
of  iron  in  this  way,  and  with  uniform  success.  It  was  necessary,  after 
the  treatment  of  the  water  with  permanganate,  that  a  period  of  time 
for  oxidation  should  elapse  before  the  water  could  be  filtered. 

The  following  experiment  is  illustrative  of  many  that  were  made 
at  the  laboratory  with  this  process.  The  Provincetown  water  used 
contained  .5360  part  per  100,000  of  iron,  and  the  amount  of  per- 
manganate used  equalled  75  pounds  per  1,000,000  gallons  of  water. 


Experiment  Number. 


Time 

of  Aeration 

(Hours). 


Iron  present 

after  Filtration 

(Parts 

per  100,000). 


Per  Cent,  of 

Iron 
Removed. 


1, 

2, 
3, 
4. 
5, 
6, 


.0270 
.0090 
.0290 
.0325 
.0100 
.0105 


With  three  hours'  aeration  of  the  water  —  that  is,  simple  exposure 
to  the  air  —  a  sufficient  percentage  of  iron  was  removed,  when  the 
water  was  subsequently  filtered,  to  render  it  clear,  colorless  and 
with  not  enough  iron  present  to  precipitate.  This  method  of  puri- 
fying the  water  also  decreased  in  many  instances  the  hardness  and 
never  caused  an  increase.  The  cost  of  the  method  might  be  pro- 
hibitive upon  a  large  scale,  but  in  the  case  of  Provincetown,  not 
.using  during  any  season  of  the  year  more  than  200,000  gallons  of 
water  per  day  and  during  a  large  portion  of  the  year  much  less, 
the  cost  of  the  chemical  would  not  be  laro-e. 


Experiments  on  the  Removal  of  Iron  by  the  Use  of  Lime. 

It  was  known  before  any  of  these  investigations  were  begun  that, 
if  a  sufficient  amount  of  lime  were  added  to  the  Provincetown  water 
and  the  water  subsequently  aerated,  a  precipitation  of  the  iron  would 
generally  ensue,  but  with  the  well  water  the  hardness  was  increased 
four  or  five  times,  according  to  the  iron  and  organic  matter  present 
to  be  removed,  and  the  amount  of  lime  necessary  to  secure  their 
removal.  The  water  could,  of  course,  be  softened  subsequently  by 
the  use  of  sodium  carbonate.  Many  experiments  along  this  line 
were  made  and  it  was  found  that  after  the  water  from  the  tubular 
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wells,  the  first  supply  at  Provincetown,  had  stood  for  some  time 
after  pumping,  an  amount  of  lime  that  would  increase  the  hardness 
to  not  more  than  7  or  8  parts  would  remove  the  iron.  This  amount 
of  lime,  however,  would  not  remove  the  iron  when  applied  to  the 
water  just  as  it  came  from  the  wells.  With  the  water  from  the  open 
reservoir,  the  lime  treatment  was  more  successful,  because  of  the 
smaller  amount  of  iron  present  in  this  water  than  in  the  driven-well 
water  and  because  of  the  aeration  received  in  the  well  before  pump- 
ing ;  but  in  the  case  of  this  water,  also,  the  hardness  has  to  be  in- 
creased considerably. 

In  the  experiments  made  by  the  Board  at  Reading,  Mass.,  in 
1894,  it  was  found  that  the  Reading  water  containing  iron  could 
generally  be  freed  from  it  if  it  was  first  passed  through  a  filter 
of  marble  chips  (CaCOg),  followed  by  sand  filtration.  By  this 
method,  however,  the  hardness  of  the  water  was  increased  very 
greatly  by  the  lime  taken  into  solution  above  that  necessary  to 
absorb  the  carbonic  acid  and  precipitate  the  iron,  or  remaining  finely 
divided  in  suspension  in  the  water.  In  later  experiments,  how- 
ever, the  feasibility  of  removing  the  iron  from  the  Provincetown  and 
Reading  supplies  by  treating  the  water  as  in  the  well-known  softening 
process  —  that  is,  by  adding  only  enough  milk  of  lime  (Ca(0H)2) 
to  combine  with  the  carbonic  acid  present,  forming  CaCOg,  which 
would  precipitate  and  carry  down  the  iron  with  it  and  not  increase 
the  hardness  by  leaving  lime  in  solution  —  has  been  investigated. 

The  following  experiment  is  illustrative  of  the  removal  of  iron  by 
this  means  and  is  a  sample  of  a  number  made  :  Provincetown  water, 
having  a  color  of  1.68  parts  per  100,000,  containing  .5280  part  iron 
and  having  a  hardness  of  3.1  parts,  was  treated  as  follows  :  portion 
No.  1,  with  enough  lime  water  to  combine  with  2  parts  COg  per 
100,000  parts  of  water  and  allowed  to  stand  three  hours  and  then 
filtered  through  sand ;  portion  No.  2,  with  enough  lime  to  combine 
with  3  parts  CO2 ;  portion  No.  3,  with  enough  lime  to  combine  with 

4  parts  CO2 ;  and  portion  No.  4,  with  enough  lime  to  combine  with 

5  parts  CO2.     The  results  were  as  follows  :  — 

[Parts  per  100,000.] 


Portion  Ndmbeb. 


Iron.      Hardness.     Color. 


.0120 
.0210 


4.2 
4.9 


Portion  Number. 


Iron.      Hardness.     Color 


.0230 
.0110 


4.6 
4.0 
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Experiments  with  Reading  Water. 
Reading  water  has  already  been  referred  to.  The  supply  is  ob- 
tained from  a  filter-gallery  near  the  bank  of  the  Ipswich  River.  The 
gallery  is  constructed  beneath  a  meadow  which  is  subject  to  being 
overflowed  to  a  depth  of  5  or  6  feet  at  times  of  high  water  in  the 
river.  The  gallery  is  located  22  feet  beneath  the  level  of  the  river. 
The  iron  is  removed  from  the  water  at  the  present  time  by  means  of 
a  mechanical  filter,  being  first  treated  with  milk  of  lime,  aeration 
and  aluminum  sulphate,  thus  increasing  the  hardness  to  an  objec- 
tionable degree.  Investigations  by  the  Board  a  number  of  years 
ago  showed  that  the  iron  was  present  in  part  at  least  as  ferrous  sul- 
phate. The  amount  of  iron  present  in  the  water  and  its  degree  of 
hardnesss  before  and  after  treatment  by  the  mechanical  filter  during 
1898  and  1899  are  shown  by  the  following  table  :  — 

[Parts  per  100,000.] 


1898. 

Iron. 

Hardness. 

1899. 

Iron. 

Hardness. 

Water  from  filter  gallery, 
Water  after  filtration, 

.2250 
.0132 

3.0 
10.0 

Water  from  filter  gallery, 
Water  after  filtration, 

.1721 
.0084 

2.4 

8.4 

Reference  to  the  table  on  page  538  will  show  that  this  water  con- 
tains more  coloring  matter  and  more  organic  matter  than  any  of  the 
other  waters  with  the  exception  of  the  Provincetown  and  Watertown 
supplies,  and  that  free  oxygen  is  absent  from  it.  Experiments  upon 
the  filtration  of  this  water  made  at  difierent  times  showed  conclu- 
sively that  the  removal  of  the  iron  by  aeration  and  sand  filtration 
could  not  be  successful  with  a  reasonable  degree  of  aeration  or  rate 
of  filtration.  Experiments  made  during  the  past  year,  however, 
have  indicated  that  the  iron  could  be  successfully  removed  by  two 
methods  already  discussed  in  the  experiments  with  Provincetown 
water :  namely,  treatment  with  iron  followed  by  sand  filtration,  or 
treatment,  after  a  preliminary  period  of  storage  permitting  aera- 
tion, with  enough  lime  to  absorb  the  carbonic  acid,  followed  by  a 
period  of  precipitation  and  subsequent  sand  filtration.  The  first 
process  tends  to  decrease  the  hardness,  while  the  second  increases 
it  slightly. 

The  following  experiments  are  only  two  of  many  made  and  are  illus- 
trative of  the  results  of  these  methods  when  treating  Reading  water  : 
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the  water,  containing  as  an  average  .2760  part  per  100,000  of  iron, 
.83  color  and  3.1  parts  of  hardness,  was  treated  first  in  the  iron 
contact  filter,  followed  by  rapid  sand  filtration.  The  time  of  contact 
with  the  iron,  as  the  water  passed  through  the  iron  filter,  was  twelve 
minutes  and  the  water  after  filtration  through  sand  contained  .0055 
part  of  iron,  —  a  removal  of  98  per  cent.,  — an  average  color  of  .06 
and  an  average  hardness  of  3  parts  per  100,000. 

Another  portion  of  the  water,  containing  an  average  of  .2380  part 
of  iron  per  100,000,  with  an  average  color  of  .56  and  an  average  de- 
gree of  hardness  of  3.2,  was  treated  with  enough  milk  of  lime 
(Ca(OH)2)  to  combine  with  2  parts  of  COo  per  100,000  and  then 
allowed  to  stand  exposed  to  the  air  for  two  hours  and  afterwards 
filtered  at  a  high  rate,  giving  the  following  average  result:  iron 
.0090  part  per  100,000,  —  a  removal  of  96  per  cent.,  —  color  .08, 
and  hardness  4.7  parts  per  100,000. 

These  experiments  upon  the  treatment  of  Provincetown  water 
with  potassium  permanganate  and  Reading  water  with  lime  have 
only  been  carried  on  upon  a  laboratory  scale,  and  for  this  reason  do 
not  definitely  prove  that  these  waters  could  be  purified  on  a  practi- 
cal basis  by  these  methods,  but  simply  indicate  that  they  might  be 
so  purified.  All  of  our  experiments  and  their  results  are  of  value, 
however,  as  showing  that  difierent  iron-bearing  waters  cannot  be 
freed  from  this  iron  in  the  same  manner,  but  that  each  class  may 
require  a  different  treatment  for  its  satisfactory  purification. 
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THE 


Purification  of  the  Sewage  of  Cities  and  Towns  in 

Massachusetts. 


There  are  at  the  present  time  seventeen  cities  and  towns  in  Mas- 
sachusetts, having  an  aggregate  population  by  the  1895  census  of 
137,589,  in  which  purification  of  the  sewage  is  effected  by  filtration 
through  gravel  or  sand,  and  the  sewage  of  many  large  institutions  is 
also  disposed  of  by  this  method. 

In  the  annual  report  for  the  year  1898  a  description  was  given  of 
many  of  the  sewage  purification  works  in  Massachusetts,  and  the 
results  of  frequent  analyses  of  sewage  and  effluent  from  the  towns 
in  which  the  sewage  is  purified  by  intermittent  filtration  were  pre- 
sented. During  the  year  1899  the  examinations  of  sewage  and 
effluent  from  these  towns  have  been  continued  and  examinations  of 
sewage  and  effluent  from  works  which  have  been  more  recently  con- 
structed have  been  begun.  The  results  of  these  examinations  are 
presented  in  the  tables  which  follow. 

The  results  of  analyses  of  samples  of  water  from  underdrains 
beneath  the  sewers  at  Brockton,  Framingham,  Medford  and  Newton 
are  also  given. 

Sewage  Disposal  at  Brockton. 
Chemical  Examination  of  Sewage  from  Brockton. 

[Parts  per  100,000.] 


c 

Eesidue  on  Evafobation. 

Ammonia. 

B 

o 

la 
O 

Nitrogen 

AS 

Oxygen 
consdmed. 

TOTAL  BESIDUE. 

LOSS  ON  IGNI- 
TION. 

ALBUMINOID. 

s 

■d 

u 

a 

s 
'A 

"3 
o 

1  'O 

=  1 
ft 

"3 

o 

1  "d 

ft 

1  "O 

^1 

1  '° 

If 

ft 

'a 

1889. 

25913 

Jan. 

11 

37.00 

30.40 

6.60 

17.60 

11.40 

6.20 

2.7500 

.5800 

.3300 

.2500 

5.55 

.0020 

.0220 

6.80 

5.25 

26181 

Feb. 

8 

36.60 

29.40 

7.20 

18.40 

12.20 

6.20 

3.0500 

.8200 

.3800 

.4400 

5.33 

.0000 

.0000 

5.64 

4.10 

26414 

Mar. 

8 

27.60 

23.501  4.10 

11.60 

8.20 

3.40 

1.6000 

.3100 

.2300 

.0800 

3.95 

.1260 

.0260 

4.08 

3.17 

26736 

Apr. 

12 

36.00 

29. 40;  6.60 

17.80 

12.20 

5.60 

2.7500 

.5300 

.3500 

.1800 

5.15 

.0000 

.0000 

5.92 

4.16 

27057 

May 

10 

50.60 

34.20:16.40 

20.00 

13.20 

6.80 

2.8400 

.5400 

.4000 

.1400 

6.05 

.0000 

.0000 

7.20 

3.33 

27428 

June 

14 

68.20 

60.00 

8.20 

•28.60 

21.00 

7.60 

5.3600 

.8400 

.5000 

.3400 

16.20 

.0000 

.0000 

11.00 

8.08 

27728 

July 

12 

54.80 

45.00 

9.80 

23.00 

13.20 

9.80 

3.3300 

.6300 

.3800 

.1500 

11.85 

.0000 

.0000 

16.10 

4,44 

28101 

Aug. 

9 

53.60 

42.80 

10.80 

21.00 

12.50 

8.50 

3.7000 

.5500 

.3200 

.2300 

13.05 

.0000 

.0000 

7.20 

5.16 

28586 

Sept. 

13 

63.20 

47.40  15.80 

.32.40 

18.00,14.40 

4. 1600 

.8000 

.4100 

.3900 

11.30 

.0000 

.0000 

8.80 

6.20 

28951 

Oct. 

n 

48.00 

35.20il2.80 

25.20 

14.0011.20 

2.8800 

.7400 

.4600 

.2800 

6.03 

.0000 

.0000 

7.40 

5.20 

29309 

Nov. 

9 

39.60 

31.20 

8.40 

18.00 

10.40 

7.60 

3.5400 

.5600 

.5000 

.0600 

6.40 

.0010 

.0000 

4.70 

3.16 

29651 

Dec. 

13 

64.00 

49.60 

14.40 

32.40 
22.17 

20.40 

12.00 

6.1600 

.9600 

.7000 

.2600 
.2333 

8.70 

- 

.0000 

12.00 

8.20 

Av... 

48.27 

38.18 

10.09 

13.89 

8.28 

3.5100 

.6466 

.4133 

8.30 

.0117 

.0040 

8.07 

5.04 

The  samples  were  collected  as  the  sewage  flowed  out  upon  the  filter-beds,  and  were  composed  of 
saveral  equal  portions  collected  at  intervals  during  the  time  that  the  pumps  were  in  operation. 
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Chemical  Examination  of  the  Sewage  pumped  from  the  Bottom  of  the  Sewage 

Reservoir  at  Brockton. 

[Parts  per  100,000.] 


a 
o 
■XI 

03 

Residue  on 

EVAPOKATION. 

c 

TOTAL  RESIDUE. 

LOSS    ON  IGNITION. 

a 

'A 

Total. 

Dissolved. 

Suspended. 

Total. 

Dissolved. 

Suspended. 

1899. 

25912 

Jan.     11 

234.00 

37.00 

197.00 

183.60 

12.00 

171.60 

26180 

Feb.      8 

181.20 

38.20 

143.00 

143.60 

18.40 

125.20 

26413 

Mar.      8 

200.00 

30.00 

170.00 

144.00 

12.80 

131.20 

26735 

Apr.    12 

181.20 

40.00 

141.20 

100.40 

19.00 

81.40 

27056 

May     10 

394.80 

41.00 

353.80 

188.80 

17.80 

171.00 

27427 

June    14 

118.00 

59.70 

58.30 

69.40 

19.70 

49.70 

27727 

July     12 

244.80 

43.80 

201.00 

140.80 

15.80 

125.00 

28100 

Aug.     9 

360.80 

58.80 

302.00 

258.00 

22.20 

235.80 

28585 

Sept.   13 

396.40 

58.80 

337.60 

305.20 

26.80 

278.40 

28950 

Oct.     11 

299.60 

52.50 

247.10 

222.00 

26.30 

195.70 

29308 

Nov.      9 

266.80 

42.60 

224.20 

206.80 

19.60 

187.20 

29650 

Dec.    13 

280.80 

50.60 

230.20 

229.20 

21.00 

208.20 

Av 

263.20 

46.08 

217.12 

182.65 

19.28 

163.37 

Chemical  Examination  of  the  Seioage  pumped  from  the  Bottom  of  the  Sewage 
Reservoir  at  Brockton  —  Concluded. 

[Parts  per  100,000.] 


Ammonia. 

Chlorine. 

Nitrogen  as 

Oxygen  Consumed. 

c 

Free. 

ALBUMINOID. 

Nitrates. 

Nitrites. 

Unfiltered. 

a 

3 

Filtered. 

Total 

Dissolved. 

Suspended. 

25912 

3.2000 

3.9000 

0.4750 

3.4250 

7.59 

.0000 

.0000 

29.12 

3.68 

26180 

3.6850 

4.2000 

0.5750 

3.6250 

6.30 

.0000 

.0000 

28.40 

4.56 

26413 

1.5200 

3.0000 

0.3200 

2.6800 

3.63 

.0000 

.0000 

26.40 

2.46 

26735 

4.2000 

4.1000 

0.5500 

3.5500 

6.25 

.0000 

.0000 

30.00 

4.72 

27056 

4.4000 

4.7500 

0.4600 

4.2900 

6.60 

.0000 

.0000 

45.76 

6.00 

27427 

7.5600 

1.3200 

0.5600 

0.7600 

15.90 

.0000 

.0000 

19.10 

7.60 

27727 

3.5200 

3.6500 

0.3500 

3.3000 

10.35 

.0000 

.0000 

36.60 

5.92 

28100 

6.5000 

4.2000 

0.6000 

3.6000 

12.55 

.0000 

.0000 

41.20 

7.20 

28585 

5.8600 

4.4600 

0.6800 

3.7800 

11.45 

.0000 

.0000 

64.80 

6.40 

28950 

4.3000 

5.3000 

0.5400 

4.7600 

7.70 

.0000 

.0000 

46.20 

7.20 

29308 

5.2500 

4.2500 

0.5000 

3.7500 

6.26 

_ 

- 

39.00 

5.10 

29650 

6.6500 

4.5000 

0.6400 

3.8600 

8.85 

- 

.0000 

33.00 

7.80 

Av... 

4.7204 

8.9692 

0.5209 

3.4483 

8.62 

.0000 

.0000 

36.63 

5.72 

The  samples  were  collected  as  the  sewage  flowed  out  upon  the  filter-beds  and  represent  the  heavy 
sewage  which  settled  to  the  bottom  of  the  reservoir,  mixed  with  a  small  amount  of  the  supernatant  sew- 
age. Each  sample  was  composed  of  several  equal  portions  collected  at  intervals  during  the  time  that  the 
heavy  sewage  was  flowing  upon  the  beds. 
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Chemical  Examination  of  Effluent  from  an  Underdrain  at  the  Brockton  Sewage 

Disposal  Works. 

[Parts  per  100,000.] 


a 
•1 

Appeakance. 

_S 

Ammonia. 

NiTKOGKN 

AS 

1 

1 

'a 

1 
■a 

o 

So 

O    Q. 

3  > 

6 

2 
o 

c 

•a 

o 

2 

1 

'u 

bo 

c 

■s 

03 

§ 

!25 

Q 

H 

m 

O 

tf 

fa 

< 

o 

•^ 

'^ 

O 

D3 

w 

1899. 

259U 

Jan.    11 

None. 

None. 

.01 

21.50 

.1424 

.0096 

4.15 

1.0800 

.0018 

.13 

5.7 

.0020 

26182 

Feb.     8 

V.  slight. 

V.  slight. 

.05 

19.90 

.3200 

.0185 

3.95 

1.0000 

.0080 

.25 

4.3 

.0080 

26415 

Mar.     8 

V.  slight. 

V.  Blight. 

.03 

19.30 

.4400 

.0158 

3.86 

0.9200 

.0100 

.23 

4.2 

.0110 

26737 

Apr.  12 

None. 

V.  Blight. 

.01 

22.70 

.1760 

.0090 

4.45 

1.3600 

.0032 

.14 

5.4 

.0010 

27058 

May    10 

None. 

None. 

.00 

29.80 

.1440 

.0076 

5.48 

2.0800 

.0026 

.14 

8.6 

.0020 

27429 

June  14 

None. 

None. 

.02 

34.70 

.1600 

.01.S4 

6.92 

1.5800 

.0100 

.18 

6.0 

.0020 

27729 

July    12 

None. 

None. 

.00 

46.00 

.0296 

.0030 

9.15 

0.6800 

.0018 

.15 

9.3 

.0020 

28102 

Aug.    9 

None. 

None. 

.03 

54.80 

.0432 

.0084 

12.70 

2.7200 

.0009 

.20 

10.2 

.0020 

28587 

Sept.  13 

None. 

None. 

.02 

48.90 

.0208 

.0108 

11.21 

3.1500 

.0000 

.13 

9.6 

.0130 

28952 

Oct     11 

None. 

None. 

.01 

38.30 

.0144 

.0098 

8.24 

1.6250 

.0003 

.13 

7.1 

.0010 

29310 

Nov.     9 

None. 

V.  slight. 

.02 

34.10 

.0104 

.0068 

7.85 

1.6000 

.0001 

.13 

6.3 

.0020 

29652 

Dec.   13 

None. 

V.  slight. 

.03 

34.50 

.0848 

.0128 

6.99 

1.8500 

.0080 

.16 

6.0 

.0020 

Av... 

.02 

33.71 

.1321 

.0105 

7.08 

1.6371 

.0039 

.16 

6.9 

.0040^ 

The  samples  were  collected  from  the  underdrain  on  Pearl  Street,  which  receives,  in  addition  to  the 
efa.uent  from  several  of  the  filter-beds,  ground  water  from  the  territory  in  the  vicinity  of  the  filtration  area. 


Chemical  Examination  of  Water  from  Underdrains  beneath  the  Sewers  at  Brockton. 

[Parts  per  100,000.] 


a 

Appbabancb. 

0 

^    f 

Ammonia. 

Nitrogen 

as 

-d 

a 

o 

cS 

J3 

a 

3 

o 

■3 
3 

a 

'■5 

c 

og, 

.•Ha 

£ 

c 

i'a 

6 

c 

1 

gS 

^ 
K 

a 

Q 

IZi 

a 

H 

■M 

o 

ta 

■< 

O 

s 

S 

o 

K 

1899. 

27730 

July  12 

Decided, 
milky. 

Cons., 
iron. 

.09 

12.70 

.0710 

.0110 

1.85 

.2000 

.0005 

.16 

5.0 

.1850 

29311 

Nov.    9 

Decided. 

Heavy, 
iron. 

.12 

14.10 

.0752 

.0024 

2.02 

.0750 

.0005 

.19 

4.7 

.2400 

Averages  by  Tears. 


1897 

.42 

14.75 

.3400 

.0194 

2.03 

.1625 

.0087 

.28 

5.5 

.0950 

_ 

1898     ! 

_ 

_ 

.18 

18.20 

.3460 

.0163 

2.53 

.3583 

.0063 

.65 

6.6 

.0780 

- 

1899 

- 

- 

.10 

13.40 

.0731 

.0067 

1.93 

.1375 

.0005 

.17 

4.8 

.2125 

Note  to  analyses  of  1899  :  Odor  of  the  first  sample,  faintly  musty  and  oily,  and  of  the  second,  faintly 

unpleasant. The  samples  were  collected  from  an  underdrain  at  its  outlet  into  Salisbury  Plain  River 

at  Factory  Village. 
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Sewage  Disposal  at  Framingham. 
Chemical  Examination  of  Sewage  from  Framingham,. 

[Parts  per  100,000.] 


Date  of 
Collection. 

Rbsidub  on  Evaporation. 

Number. 

TOTAL  RESIDUE. 

LOSS  ON    IGNITION. 

Total. 

Dissolved. 

Suspended. 

Total. 

Dissolved. 

Suspended. 

25915 
26191 
26431 
26744 
27070 
27442 
27750 
28111 
28592 
28994 
29268 
29666 

1S99. 

Jan.      11 

Feb.       9 
Mar.       8 
Apr.     12 
May     10 
June    14 
July     12 
Aug.      9 
Bept.    13 
Oct.     11 
Nov.       7 
Dec.     14 

34.00 
35.80 
28.40 
31.60 
81.40 

473.00 
46.60 
48.20 
41.40 

334.00 
37.40 
45.40 

29.60 
28.50 
24.50 
27.80 
67.40 
37.50 
36.70 
36.60 
34.50 
45.00 
.32.80 
36.60 

4.40 
7.30 
3.90 
3.80 
14.00 

435.50 
9.90 
11.60 
6.90 

289.00 
4.60 
8.80 

15.00 
16.20 
11.40 
10.20 
28.40 

387.00 
16.60 
16.80 
17.20 

256.00 
15.40 
21.40 

11.60 

9.10 

7.70 

6.50 

17.50 

13.00 

8.80 

9.30 

11.80 

20.50 

10.80 

14.10 

3.40 

7.10 
3.70 
3.70 
10.90 

374.00 
7.80 
7.50 
5.40 

235.50 
4.60 
7.30 

Av 

103.10 

36.46 

66.64 

67.63 

11.72 

55.91 

Chemical  Examination  of  Seivage  from  Framingham  —  Concluded. 

[Parts  per  100,000.] 


Ammonia. 

Chlorine. 

Nitrogen  as 

Oxygen  Consumed. 

Number. 

Free. 

albuminoid. 

Nitrates. 

Nitrites. 

Unaltered. 

Total. 

Dissolved. 

Sus- 
pended. 

Filtered. 

25915 

1.4800 

0.4800 

.2800 

0.2000 

4.78 

.0370 

.0700 

4.00 

2.88 

26191 

2.3500 

0.5300 

.3800 

0.1500 

5.48 

.0440 

.0380 

3.36 

1.99 

26431 

1.6500 

0.3900 

.2300 

0.1800 

3.80 

.0570 

.0400 

2.30 

1.65 

26744 

1.2500 

0.3900 

.2400 

0.1500 

5.85 

.0070 

.1600 

2.56 

1.86 

27070 

3.0300 

0.6500 

.4200 

0.2300 

6.50 

.0060 

.0000 

9.68 

8.40 

27442 

3.5600 

3.4800 

.3800 

3.1000 

7.71 

.0020 

.0000 

28.00 

3.08 

27750 

2.9100 

0.5000 

.3700 

0.1300 

8.41 

.0000 

.0000 

4.10 

2.64 

28111 

3.2900 

0.4200 

.3600 

0.0600 

9.38 

.0050 

.0000 

3.50 

2.60 

28592 

2.4200 

0.5700 

.3000 

0.2700 

8.05 

.0010 

.0000 

3.50 

2.32 

28994 

3.8500 

3.6500 

.8200 

2.8300 

6.15 

.0000 

.0000 

48.00 

4.00 

29268 

3.0500 

0.4900 

.3500 

0.1400 

5.85 

.0030 

.0002 

3.70 

2.24 

29666 

2.8500 

0.6900 

.4600 

0.2300 

5.05 

.0060 

.0000 

4.75 

3.85 

Av... 

2.6408 

1.0200 

.3825 

0.6375 

6.42 

.0140 

.0257 

9.79 

3.13 

The  samples  were  collected  as  the  sewage  flowed  out  upon  the  filter-beds. 
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Chemical  Examination  of  Effluent  from  the  East  Underdrain  of  the  Framingham 

Filter-beds. 

[Parts  per  100,000.] 


Appearance. 

c 

Ammonia. 

Nitrogen 

•d 

u 

a 

3 
3 

w 

^ 

■d 

1 

3 

03 

■5 
3 

3 

1 
1 

■    o 

=  > 
Ha 

Z 

o 

c 

2 

'EH 

gS 
t. 

s 

•2 

3 

IZi 

o 

H 

X 

O 

^ 

fH 

< 

O 

v^ 

s 

o 

w 

hn 

1899. 

25916 

Jan.    11 

Slight. 

V.  Blight. 

.11 

24.00 

.3300 

.0260 

4.95 

0.7500 

.0017 

.30 

7.0 

.0070 

■26192 

Feb.     9 

V.  Blight. 

V.  slight. 

.06 

21.50 

.8000 

.0190 

4.93 

0.3350 

.0020 

.23 

6.3 

.0070 

26432 

Mar.     8 

Decided. 

Slight. 

.06 

22.30 

.6200 

.0280 

4.41 

0.2050 

.0052 

.28 

4.6 

.0550 

26745 

Apr.  12 

Slight. 

Slight. 

.28 

22.50 

.6400 

.0290 

4.68 

0.5400 

.0036 

.31 

6.0 

.0100 

27071 

May    10 

V.  slight. 

V.  slight. 

.03 

25.50 

.3280 

.0106 

4.97 

0.8600 

.0024 

.10 

5.3 

.0100 

27443 

June  14 

V.  Blight. 

Slight. 

.03 

34.50 

.3080 

.0120 

6.85 

1.6600 

.0030 

.19 

7.0 

.0050 

27751 

July   12 

V.  Blight. 

V  slight. 

.04 

44.00 

.1680 

.0125 

6.72 

2.9000  .0060 

.26 

8.0 

.0030 

28112 

Aug.    9 

None. 

V.  Blight. 

.05 

43.50 

.0588 

.0124 

7.55 

3.2000 

.0060 

.15 

9.1 

.0080 

28593 

Sept.  13 

None. 

Slight. 

.01 

44.90 

.1072 

.0092 

8.59 

2.6500 

.0100 

.19 

8.1 

.0040 

28995 

Oct.    11 

Slight. 

Heavy. 

.15 

29.00 

.2160 

.0230 

7.45 

0.5100 

.0024 

.34 

5.3 

.1450 

29269 

Nov.     7 

V.  slight. 

Cons. 

.11 

38.90 

.1120 

.0125 

7.88 

1.2500 

.0100 

.28 

7.0 

.0320 

29667 

Dec.  14 

None. 

None. 

.03 

36.50 

.1400 

.0120 

7.02 

1.9500 

.0024 

.12 

7.6 

.0020 

Av... 

.08 

32.26 

.3107 

.0172 

6.26 

1.4008 

.0045 

.23 

6.7 

.0240 

The  samples  were  collected  from  the  underdrain  at  its  outlet. 


Chemical  Examination  of  Effluent  from  the  West  Underdrain  of  the  Framingham 

Filter-beds. 

[Parts  per  100,000.] 


i 

Appearance. 

o 

si 

Ammonia. 

Nitrogen 

AS 

1 
e 

>> 

^ 

•d 

a 

3 

is 
s 

3 

a 

-3 

_o 

3  > 
2H 

i'a 

o 

1 

.1 

_  o 

bo 

■3 

'A 

a 

H 

OC 

U 

i^ 

b^ 

< 

Q 

Zi 

•A 

O 

D3 

1899. 

25917 

Jan.    11 

None. 

V.  slight. 

.02 

23.00 

.1392 

.0064 

6.01 

0.8300 

.0018 

.12 

6.4 

.0090 

26193 

Feb.     9 

None. 

V.  slight. 

.02 

22.60 

.1400 

.0085 

4.35 

0.9000 

.0013 

.13 

5.4 

.0030 

26433 

Mar.     8 

Slight. 

Slight. 

.08 

13.00 

.1200 

.0148 

2.63 

0.3250 

.0022 

.28 

3.0 

.0050 

26746 

Apr    12 

None. 

V.  slight. 

.10 

15.00 

.0796 

.0128 

3.16 

0.2900 

.0004 

.27 

3.3 

.0080 

27074 

May    10 

V.  slight. 

Slight. 

.09 

26.50 

.1328 

.0132 

5.65 

0.8200 

.0014 

.17 

6.9 

.0200 

27444 

June  14 

V.  slight. 

V.  slight. 

.02 

31.30 

.2840 

.0220 

6.98 

1.4400 

.0044 

.21 

7.9 

.0040 

27752 

July   12 

None. 

V.  slight. 

.00 

40.80 

.1700 

.0096 

6.57 

2.5000 

.0026 

.19 

8.7 

.0020 

28113 

Aug.    9 

None. 

V.  Blight. 

.04 

35.80 

.1360 

.0080 

6.75 

1.7600 

.0048 

.22 

9.1 

.0050 

28594 

Sept.  13 

V.  slight. 

V.  Blight. 

.04 

38.90 

.1072 

.0152 

8.70 

1.8200 

.0160 

.16 

8.1 

.0030 

28996 

Oct.    11 

None. 

V.  slight. 

.00 

38.00 

.1360 

.0125 

8.60 

1.7000 

.0040 

.19 

6.3 

.0040 

29270 

Nov.     7 

V.  Blight. 

V.  slight. 

.16 

25.10 

.0640 

.0140 

4.59 

0.8750 

.0080 

.29 

5.9 

.0280 

29668 

Dec.   14 

None. 

V.  slight. 

.00 

28.20 

.0640 

.0066 

6.01 

1.5500 

.0040 

.17 

6.0 

.0050 

Av... 

.05 

28.18 

.1302 

.0120 

5.64 

1.2342 

.0042 

.20 

6.3 

.0080 

The  samples  were  collected  from  the  underdrain  at  its  outlet. 
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Chemical  Examination  of  Water  from  Bannister  Brook  below  the  Framingham 

Filter-beds. 

[Parts  per  100,000.] 


a 
1 

o 
O 

o 

s 

03 

a 

Appeakance. 

Residue  on  j 
Evapora- 
tion. 

Ammonia. 

6 

c 

o 
5.02 

l^ITBOGEN 
AS 

•6 

a 

3 

a 
o 
U 

c 

>i 
O 

2 

2 

3 

1 

33 

u 
o 
o 
O 

« 
1 

c 
o 

§1 

1 

£ 

fe 

ALBUMINOID. 

2 

g 

a 

o 

> 
o 

5 

•6 
■a 
1  C 

3  O. 
CO 

a) 
c 
•a 

27757 

1899. 

July  12 

V.  Blight. 

V.  slight. 

.06 

30.30 

8.50 

.2920 

.0114 

.0106 

.0008 

1.4000 

.0140 

.19 

6.4 

28117 

Aug.    9 

None. 

V.  slight. 

.06 

27.35 

7.65 

.0078 

.0090 

.0078 

.0012 

5.11 

2.8000 

.0028 

.20 

4.9 

28598 

Sept.  13 

V.  slight. 

Slight. 

.04 

27.50 

9.00 

.0158 

.0116 

.0110 

.0006 

5.38 

1.0800 

.0032 

.15 

5.3 

28999 

Oct.  11 

V.  slight. 

V.  Blight. 

.07 

24.15 

6.60 

.0412 

.0156 

.0132 

.0024 

4.85 

0.8100 

.0036 

.22 

5.7 

29273 

Nov.    7 

Slight. 

Slight. 

.07 

29.45 

5.85 

.3600 

.0170 

.0090 

.0080 

6.71 
5.41 

0.6500 

.0014 

.20 
.19 

4.9 

Av    . 

.06 

27.75 

7.52 

.1434 

.0129 

.0103 

.0026 

1.3480 

.0050 

5.4 

Odor  in  July  and  November,  distinctly  musty;  in  October,  faintly  disagreeable;  at  other  times 

none,   becoming   faintly  musty  or  unpleasant  on  healing. The  samples  were  collected  from  the 

brook,  at  the  first  road  crossing  below  the  sewage  field.    The  brook  receives  the  effluent  from  both  the 
Natick  and  the  Framingham  sewage  disposal  works. 

Chemical  Examination  of  Water  from  a  Spring  near  Bannister  Brook  which  re- 
ceives Effluent  from  the  Framingham  Filter-beds. 

[Parts  per  100,000  ] 


d 
o 

Q 

Appearance. 

a 
o 

si 

a  > 

SH 

AMMONIA. 

13 

Nitrogen 

AS 

■a 

a 

a 
a 

o 

a 
■a 
u 

K 

1 
a 

a 

3 

3 
H 

1 

-a 

00 

o 
o 
O 

6 

1-4 

2 

o 

c 

<: 

1 

1 

s 

i 

25918 

1899. 

Jan.  11 

None. 

V.  slight. 

.02 

17.30 

.0008 

.0148 

3.65 

.6400 

.0000 

.04 

4.4 

.0060 

26194 

Feb.     9 

None. 

None. 

.00 

18.40 

.0002 

.0014 

3.79 

.7800 

.0000 

.04 

5.3 

.0040 

26436 

Mar.    8 

None. 

V.  slight. 

.00 

18.80 

.0000 

.0012 

3.95 

.5300 

.0000 

.04 

4.4 

.0020 

26747 

Apr.  12 

None. 

None 

.00 

16.50 

.0004 

.0014 

3.50 

.6000 

.0000 

.03 

4.4 

.0020 

27076 

May   10 

None. 

None. 

.00 

17.00 

.0002 

.0016 

3.33 

.5300 

.0000 

.02 

4.2 

.0060 

27445 

June  14 

None. 

None. 

.00 

18.20 

.0008 

.0018 

3.47 

.6100 

.0000 

.05 

4.6 

.0030 

27754 

July  12 

None. 

None. 

.00 

19.60 

.0000 

.0018 

3.71 

.8800 

.0000 

.03 

4.3 

.0010 

28115 

Aug.    9 

None. 

None. 

.02 

20.20 

.0002 

.0022 

3.82 

.9500 

.0000 

.01 

4.2 

.0020 

28595 

Sept.  13 

None. 

None. 

.02 

18.90 

.0000 

.0020 

4.13 

.8400 

.0001 

.05 

4.3 

.0050 

28998 

Oct.   11 

None. 

None. 

.01 

21.00 

.0030 

.0022 

4.00 

.8800 

.0000 

.05 

4.3 

.0030 

29272 

Nov.    7 

None. 

None. 

.00 

19.10 

.0026 

.0028 

4.02 

.6500 

.0000 

.03 

4.3 

.0050 

29670 

Dec.  14 

None. 

None. 

.03 

18.80 

.0000 

.0022 

4.01 

.7600 

.0000 

.02 

4.3 

.0010 

Av... 

.01 

18.65 

.0007 

.0029 

3.78 

.7208 

.0000 

.03 

4.4 

.0033 

Odor,  none. 
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Chemical  Examination  of  Water  from  the  Underdrain  beneath  the  Sewers  at 

Framingham. 

[Parts  per  100,000.] 


d 

Appearance. 

c 

Ammonia. 

Nitrogen 

■o 

AS 

a 

.o 
s 

o 

■a 
S 

s 

1 

■3 

o 

§1 

3  > 

IB 

2 

•6 
o 

c 

S 

c 
o 

a 

1^ 

Q 

H 

m 

o 

« 

fo 

< 

o 

iz; 

'A 

o 

K 

a 

1899. 

25920 

Jan.   11 

Slight. 

Slight. 

.06 

19.50 

.0568 

.0068 

2.10 

.5900 

.0016 

.10 

7.9 

.0110 

26196 

Feb.     9 

Slight. 

Slight. 

.05 

20.20 

.0656 

.0056 

2.01 

.5200 

.0004 

.11 

8.6 

.0130 

26434 

Mar.    8 

V.  slight. 

V.  Blight. 

.05 

19.70 

.0624 

.0044 

2.03 

.2650 

.0016 

.08 

7.1 

.0130 

26748 

Apr.  12 

Decided. 

Slight. 

.10 

19.60 

.1065 

.0155 

2.20 

.4200 

.0060 

.12 

7.4 

.0090 

27072 

May  10 

Slight. 

Slight. 

.12 

20.00 

.1520 

.0320 

2.35 

.4100 

.0120 

.20 

8.1 

.0200 

27469 

June  19 

Slight. 

Slight. 

.11 

11.30 

.0088 

.0288 

0.63 

.0020 

.0000 

.23 

4.6 

.0100 

27753 

July  12 

Decided, 
green. 

Cods., 
green. 

.22 

12.20 

.0008 

.0312 

0.47 

.0020 

.0000 

.18 

5.9 

.0220 

29271 

Nov.    7 

Slight. 

V.slight. 

.69 

9.60 

.0156 

.0196 

0.83 

.0460 

.0008 

.93 

3.3 

.0270 

Averages  by  Years. 


1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 


19.71 
20.44 
19.32 
20.75 
22.24 
20.92 
19.99 
16.72 
19.72 
16.51 


.0823 
.1029 
.0805 
,0829 
.0620 
,0502 
.0462 
.0218 
.0640 
.0586 


.0073 
.0045 
,0042 
.0039 
.0033 
.0086 
.0200 
.0101 
.0141 
,0180 


3.51 
3.51 
3.99 
3.84 
3.61 
2.29 
2.07 
1.75 
2.14 
1.58 


.5336 
,5333 
,6667 
,6282 
,5315 
,4995 
,3575 
,3169 
,4479 
.2819 


.0026 
.0019 
.0018 
.0014 
.0028 
.0023 
.0048 
.0012 
.0020 
.0028 


8.4 
8.0 
8.0 
7.4 
7.1 
7.7 
7.2 
6.7 
7.7 


.0366 
.0419 
.0132 
.0164 
.0156 


Note  to  analyses  of  1899:  Odor,  generally  musty  and  occasionally  disagreeable. The  samples 

were  collected  from  the  underdrain  at  the  point  where  it  discharges  into  a  storage  reservoir.  The  water 
is  usually  pumped  from  this  reservoir  to  filter-beds,  but  during  the  months  of  July  and  August  the 
underdrain  water  was  mixed  with  the  sewage  and  pumped  to  the  sewage  filter-beds. 

Chemical  Examination  of  Effluent  from  the  Filter-beds  on  which  the  Water  from 
the  Underdrain  beneath  the  Sewers  at  Framingham  is  discharged. 

[Parts  per  100,000.] 


c 

Appearance. 

c 

Ammonia. 

Nitrogen 

"6 

°  o. 

01  OS 
3  > 

.■s  W 

a 
o 
2 
u 

AS 

a 

3 

o 

a 

u 

a 

B 
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is 

3 

1 
■3 

CO 
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o 
o 
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•6 
o 

1 

S 

% 

a 
2 

1899. 

25919 

Jan.  11 

Slight. 

Slight. 

.36 

10.80 

.0110 

.0114 

1.01 

.1460 

.0004 

.50 

3.9 

.0060 

26195 

Feb.   9 

Decided. 

Cons., 
earthy. 

.40 

10.40 

.0144 

.0244 

0.79 

.1450 

.0001 

.82 

3.5 

.0080 

26435 

Mar.  8 

Decided, 
milky. 

Cons., 
earthy. 

.50 

7.50 

.0080 

.0208 

0.65 

.0350 

.0002 

.71 

2.3 

.0090 

26749 

Apr. 12 

V  slight. 

Slight. 

.38 

8.30 

.0084 

.0160 

0.73 

.0900 

.0003 

.51 

2.3 

.0080 

27073 

May  10 

V.slight. 

Slight. 

.36 

14.20 

.0020 

.0116 

1.55 

.1050 

.0000 

.41 

5.0 

.0100 

28114 

Aug.  9 

None. 

V.slight. 

.03 

17.90 

.0016 

.0056 

2.01 

.4730 

.0004 

.13 

6.4 

.0020 

28596 

8ept.l3 

V.slight. 

V.slight. 

.06 

16.50 

.0020 

.0092 

2.13 

.5100 

.0013 

.15 

5.3 

.0050 

28997 

Oct.  11 

Slight. 

V.slight. 

.37 

12.00 

.0048 

.0128 

1.08 

.1300 

.0005 

.43 

4.3 

.0110 

29699 

Dec.  14 

Decided. 

Slight. 

.30 

9.30 

.0162 

.0136 

0.84 

.1100 

.0005 

.43 

3.9 

.0120 

Av... 

.31 

11.88 

.0076 

.0139 

1.20 

.1938 

.0004 

.45 

4.1 

.0079 

The  samples  were  collected  from  the  underdrain  at  its  outlet. 
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Sewage  Disposal  at  Gaedner. 

Chemical  Examination  of  Sewage  from  Gardner. 

[Parts  per  100,000.] 


c 

Residue  on  Evapobation 

Ammonia. 

Nitrogen 

Oxygen 
Con- 

o 

o 
U 

o 

a 

sumed. 

TOTAL   RESIDUE. 

LOSS  ON  IGNITION. 

ALBUMINOID. 

i 

i 

■d 

J3 

1  "O 

1  "^ 

1  'o 

."2 

1  'o 

,  'd 

•a 

® 

2 

5^ 

«3  g 

OS 
o 

5^ 

2 

2 

o 

5-^ 

o 

2 

2 

(4 

c 

a 

"A 

Q 

H 

O. 

Eh 

o. 

fe 

El 

a. 

u 

•a 

'A 

G 

ta 

1899. 

25928 

Jan.    11 

150.00  30.20 

119.80 

129.00 

11.00 

118.00 

1.5500 

0.7100 

.4100 

0.3000 

7.25 

.0470 

.0120 

9.04 

3.97 

?fi^l5 

Feb.    15 

46.80  25.50 

21.30 

32.40 

13.40 

19.00 

4. 45001. 1500!. 5900 

0.5600 

3.27 

.0030 

.0000 

7.20 

3.68 

^fi41fi 

Mar.     8 

33.00 

19.10 

13.90 

21.00 

8.60 

12.40  2. 7500  0. 7500!. SOOOJO. 4500 

2.79 

.0040 

.0000 

4.72 

2.21 

27138 

May    17 

41.60 

19.80 

21.80 

25.80 

8.00 

17.80,  2.7600  0.8200  .3300  0.4900 

3.62 

.0000 

.0000 

4.50 

2.24 

27430 

June  14 

34.60 

20.70 

13.90 

24.00 

10.50 

13.50:  2.8000  2. 8100. 3700  2.4400 

2.80 

.0020 

.0000 

5.60 

3.08 

27740 

July   12 

53.20 

30.00 

23.20 

27.00 

10.80 

16.20'  4.2200  0.9400. 4200  0.5200 

7.75 

.0020 

.0000 

7.00 

2.72 

28103 

Aug.    9 

80.20  31.70 

48.50 

57.80 

13.50 

44. 30|'4. 3900  1.3800  .4600  0.9200|'4.40 

.0000 

.0000 

:8.00 

3.36 

2827S 

Aug.  18 

36.10  22.85 

13.25 

19.10 

6.20 

12. 90,. 3. 6100  0.7400  .4400,0.3000|!4.80 

.0050 

.0000 

15.08 

2.65 

28.W9 

Sept.  13 

32.80 

22.30 

10.50 

16.40 

10.20 

6.20112.2900  0. 4400. 2560;0. 1840 

3.51 

.0010 

.0000 

3.20 

1.80 

28966 

Oct.    11 

42.40 

27.00 

15.40 

29.00 

14.10 

14.90|  3.2500  0.8800. 4400 

0.4400 

3.30 

.OOIC 

.0000 

5.80 

3.20 

29303!  Nov.     8 

30.80 

21.70 

9.10 

15.40 

8.70 

6.70  1.8900:o. 5400;. 3200 

0.2200 

3.91 

.0020 

.0000 

4.20 

2.48 

29655 

Dec.   13 

35.80 

21.40 

14.40 

21.60 

9.40 

12.20 

,2.82000.6600  .3400 

0.3200 

3.40 
4.20 

.0020 

.0000 

5.20 
5.73 

3.15 

Av.* 

50.83 

24.09 

26.74 

34.55 

10.41 

24.14 

2.98000.9782  .3842 

0.5940 

.0060 

.0011 

2.87 

The  sewage  was  collected  as  it  flowed  upon  the  beds. 

Chemical  Examination  of  Effluent  from  Main  Underdrain  of  the  Gardner  Filter-beds. 

[Parte  per  100,000.] 


Date  of 

Collection. 

Appearance. 

5 
"S 

|l 

Ammonia. 

c 
o 

Nitrogen 
as 

a 

3 

§ 
_  O 

go 

>. 

o 

c 

u 

.o 

a 

3    - 

'A 

1 

3 

El 

i 

CO 

o 
O 

•6 
'S 

< 

2 

25929 

1899. 

Jan.  11 

Decided, 

Slight, 

0.90 

14.60 

0.7600 

.0600 

2.52 

0.2640 

.0280 

0.74 

3.5 

.1900 

26216 

Feb.  15 

iron. 
Decided, 

iron. 
Cons., 

1.00 

18.00 

0.8160 

.0880 

3.22 

0.0800 

.0180 

0.91 

4.2 

.8000 

26417 

Mar.    8 

iron. 
Decided, 

iron. 
Cons-, 

0.13 

16.00 

1.5600 

.1260 

2.51 

0.0300 

.0140 

1.26 

2.3 

.6000 

26740 

Apr.  12 

iron. 
Decided, 

iron. 
Heavy, 

_ 

19.00 

1.8000 

.1480 

2.61 

0.0450 

.0130 

1.54 

3.4 

.3400 

27139 

May   17 

iron. 
Decided, 

iron. 
Heavy, 

0.60 

34.40 

0.5840 

.0720 

2.10 

2.2000 

.1200 

0.60 

9.9 

.1900 

27431 

June  14 

iron. 
Decided, 

iron. 
Cons., 

0.51 

21.70 

0.7400 

.0930 

2.68 

1.3000 

.0200 

1.00 

5.0 

.2400 

27741 
28104 

28276 

July  12 
Aug.    9 

Aug.  18 

iron. 
Decided. 
Slight. 

milky. 

Slight, 

iron. 
Cons. 
V.  slight. 

Cons., 

0.33 
0.20 

0.08 

22.60 
19.10 

19.20 

0.3280 
0.4600 

0.3280 

.0420 
.0460 

.0400 

3.28 
2.75 

3.32 

1.1000 
0.8500 

0.5300 

.0150 
.0040 

.0052 

0.58 
0.50 

0.48 

5.3 
5.1 

5.0 

.0850 
.0280 

.1100 

28600 

Sept.  13 

milky. 
Decided, 

iron. 
Cons., 

0.30 

19.10 

0.3720 

.0710 

3.79 

0.3050 

.0080 

0.73 

4.7 

.0650 

28967 

Oct.   11 

iron. 
Decided. 

iron. 
Heavy, 

floe. 
Cons., 

floe. 
Cons. 

0.17 

20.30 

0.5360 

.0680 

2.55 

3.0500 

.1100 

0.65 

4.2 

.0250 

29304 
29656 

Nov.    8 
Dec.  13 

Decided. 
Decided. 

0.16 
1.20 

17.50 
16.60 

0.5040 
1.2960 

.0490 
.1300 

2.95 
3.19 

0.6800 
0.0850 

.0720 
.0480 

0.63 
1.15 

3.8 
3.3 

.0680 
.4100 

Av.*. 

0.49 

19.91 

0.8075 

.0825 

2.87 

0.8191 

.0392 

0.86 

4.5 

.2568 

The  samples  were  collected  from  the  main  underdrain  at  the  point  where  it  discharges  into  Pond  Brook. 
*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has  been 
used  in  making  the  average. 
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Chemical  Examination  of  Water  from  Pond  Brook  above  the  Gardner  Filter-beds. 

[Parts  per  100,000.] 


Odor,  vegetable  or  musty. The  samples  were  collected  from  the  brook  above  the  point  where  It 

is  crossed  by  the  main  sewer  leading  to  the  filter-beds. 

Chemical  Examination  of  Water  from  Pond  Brook  below  the  Gardner  Filter-beds. 

[Parts  per  100,000.] 


Residdk  on 

a 

Appearance. 

Evapora- 

Ammonia. 

Nitrogen 

•a 

tion. 

d 

3 

n 

albuminoid. 

o 

>. 

TJ 

V 

. 

o 

i 

a 

"S 

2 
3 

a 

-3 

o 

°  be 

« 

> 
O 

"2 

o 

g 

.t^ 

1 

a 
•a 

'A 

Q 

H 

rn 

O 

H 

i-I 

f^ 

H 

d 

tc 

O 

!2! 

g 

o 

HI 

1899. 

27743 

July  12 

Decided. 

Slight. 

.22 

16.25 

4.35 

.0780 

.0240 

.0230 

.0010 

3.70 

.2120 

.0056 

.39 

4.4 

28106 

Aug.    9 

V.  slight, 
milky. 

V.  slight. 

.09 

17.85 

5.60 

.0480 

.0168 

.0140 

.0028 

4.35 

.1600 

.0012 

.29 

5.9 

28602 

Sept.  13 

V.  slight. 

V.  slight. 

.19 

14.70 

3.60 

.0028 

.0188 

.0152 

.0036 

3.67 
3.91 

.0200 
.1307 

.0003 

.31 
.33 

4.6 

Av... 

17 

16.27 

4.52 

.0429 

.0199 

.0174 

.0025 

.0024 

4  9 

Odor,  faintly  musty,  becoming  stronger  on  heating. The  samples  were  collected  from  the  brook 

below  the  point  where  the  effluent  from  the  flUer-beds  enters  it. 


Sewage  Disposal  at  Leicester. 

Chemical  Examination  of  Sewage  from  Leicester. 

[Parts  per  100,000.] 


The  sewage  was  collected  as  it  entered  the  settling  tank. 
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Chemical  Examination  of  Effluent  from  the  Underdrain  of  the  Leicester  Filter-beds. 

[Parts  per  100,000.] 


r 

Q 

Appearance. 

c 

§! 

£  OS 
3  > 

Ammonia. 

c 
o 

s 

o 

Nitrogen 

AS 

■d 

a 

3 
B 

em 
X 

o 

00 

a 
1 

u 

a 

2 
S 

a 
1 

c 

a 
"3 
O 

1 

o 

< 

s 

g 

i 

26184 

1899. 

Feb.    8 

Decided. 

Cons. 

_ 

46.70 

2.8400 

.2930 

5.02 

0.0500 

.0012 

12.28 

7.1 

.0430 

26753 

Apr.  12 

Slight. 

None. 

.09 

20.00 

0.2640 

.0230 

2.90 

0.6000 

.0280 

0.93 

5.1 

.0080 

27426 

June  14 

Decided, 

Heavy, 

.08 

44.00 

0.5440 

.0470 

8.47 

0.7400 

.1300 

1.17 

8.7 

.5800 

28119 
29003 

Aug.   9 
Oct    11 

iron. 

Decided, 

milliy. 

Decided. 

iron. 
Cons., 
bw'n.floc. 
Cons. 

.55 
.34 

53.20 
58.50 

0.3540 
0.4240 

.0400 
.0880 

8.00 
6.60 

1.9600 
1.5600 

.0280 
.0300 

0.76 
4.32 

9.6 
9.6 

.1900 
.0600 

29658 

Dec.  13 

Decided. 

Cons. 

- 

50.80 

0.8600 

.0750 

6.05 

0.1200 

.0400 

7.04 

9.6 

.6600 

Av... 

.26 

45.53 

0.8810 

.0943 

6.17 

0.8383 

.0429 

4.42 

8.3 

.2552 

Tlie  samples  were  collected  from  the  underdrain  at  the  point  where  it  discharges  into  the  brook. 


Chemical  Examination  of  Water  from  the  Brook  below  the  Leicester  Filter-beds . 

[Parts  per  100,000.] 


c 
o 

o 
o 

o 
Q 

Appeabance. 

Residue  on 
Evapora- 
tion. 

Ammonia. 

c 

Nitrogen 

AS 

•d 
§ 

3 
C 
§ 

o 

s 

a 
in 

i 

a) 

to 

1 
o 

"3 

o 

c 
_o 

o 

i 

albuminoid. 

1 

1 

a 

a 

3 

o 

•6 
> 

s 

i 

■a 

I  c 

3  o. 
02 

c 
■a 

ca 

1899. 

27765 

July  12 

Blight. 

Slight. 

.22 

3.70 

1.20 

.0014 

.0194 

.0180 

.0014 

.35 

.0400 

.0001 

.47 

1.1 

28120 

Aug.    9 

V.  slight. 

Blight. 

.23 

2.40 

0.90 

.0022 

.0216 

.0174 

.0042 

.24 

.0040 

.0000 

.40 

0.6 

28609 

Sept.  13 

Slight. 

Slight. 

.14 

3.75 

1.35 

.0010 

.0224 

.0196 

.0028 

.28 
.29 

.0200 

.0005 

.41 
.43 

0.8 

Av... 

.20 

3.28 

1.15 

.0015 

.0211 

.0183 

.0028 

.0213 

.0002 

n  R 

Odor,  faintly  musty  or  unpleasant. The  samples  were  collected  from  the  brook  below  the  point 

where  the  effluent  from  the  filter-beds  enters  the  stream. 
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Sewage  Disposal  at  Leicester  Poor  Farm. 

Chemical  Examination  of  Effluent  from,  the  Underdrain  of  the  Filter-beds  at  the 

Leicester  Poor  Farm. 

[Parts  per  100,000.] 


c 
o 

c 
Q 

Appeakance. 

c 
o 

i! 

a  OS 

Ammonia. 

Nitrogen 

AS 

•6 
1 

o 

c 
■a 

03 

1 
a 

a 

12! 

5 

1 
•3 

o 
o 

a 

E>4 

a 

< 

5 

o 

25977 
26330 
26488 
26927 

27123 
27513 

27822 

28265 
28680 

29095 

29397 

29706 

1899. 

Jan.   17 
Feb.  23 
Mar.  14 
Apr.  25 

May  16 
June  20 
July  18 

Aug.  17 
Sept.  19 

Oct.  21 

Nov.  14 

Dec.  19 

V.  slight. 
Decided. 
V.  slight. 
V.  slight, 

V.  slight. 
V.  slight. 
V.  slight. 

None. 
Blight. 

V.  slight. 

V.  slight. 

V.  slight. 

Slight. 
Cons. 
Slight. 
Heavy, 

earthy. 
Cons. 
Slight. 
Blight, 

earthy. 
V.  slight. 
Cons., 

earthy. 
Cons., 

earthy. 
Cons,, 

earthy. 
Slight, 

earthy. 

.06 
.16 
.08 
.02 

.01 
.01 
.00 

.01 
.04 

.03 

.00 

.04 

12.50 
11.50 
10.00 
14.20 

13.80 
19.90 
17.90 

16.20 
19.30 

23.80 

24.90 

22.25 

.2144 
.4480 
.1952 
.0406 

.0044 
.0006 
.0000 

.0002 
.0040 

.0038 

.0154 

.0470 

.0196 
.0376 
.0192 

.0228 

.0158 
.0094 
.0090 

.0072 
.0268 

.0198 

.0086 

.0168 

1.45 
1.31 
1.10 
1..79 

1.65 
1.40 
1.33 

1.45 
2.25 

2.70 

2.15 

2.35 

0.1000 
0.1550 
0.0450 
0.2650 

0.6500 
1.4000 
0.9000 

0.9300 
1.2400 

1.3200 

1.8800 

1.0400 

.0024 
.0016 
.0025 
.0036 

.0002 
.0000 
.0001 

.0001 
.0004 

.0004 

.0064 

.0032 

.28 
.49 
.24 
.38 

.29 
.15 
.23 

.16 

.36 

.30 
.18 
.21 

3.3 

2.9 
2.5 
3.3 

3.4 
3.9 
5.0 

8.8 
3.5 

3.9 

5.0 

4.3 

.0020 
.0080 
.0040 
.0220 

.0040 
.0050 
.0040 

.0030 
.0080 

.0040 

.0050 

.0100 

Av... 

.04 

17.19 

.0811 

.0177 

1.74 

0.8271 

.0017 

.27 

3.7 

.0066 

The  saoaplea  were  collected  from  the  underdrain  at  its  outlet. 


Sewage  Disposal  at  Marlborough. 

Chemical  Examination  of  Sewage  from  Marlborough. 

[Parts  per  100,000.] 


c 
"o 

Residue  on  Evapobation. 

Ammonia. 

c 

NiTKOGBN 
AS 

Oxygen 
Consumed. 

TOTAL  RESIDUE. 

LOSS  ON  IGNITION 

ALBUMINOID.         1 

S 

m 

V 

u 

1  "O 

■  'o 

1  "6 

,  "O 

1  ■a       ,  -a 

•a 

B 

0) 

5 

g-c 

& 

"•S 

6 

03 

g-O 

01 

^ 

2 

3 

03 

o 

ur, 

cc  3 

o 

C'o 

05  = 

M- 

«  s 

•a 

c 

iz; 

Q 

H 

Q. 

H 

a. 

o. 

1^ 

H 

o. 

U 

^ 

'A 

U 

6h 

1899. 

25923 

Jan.   11 

20.40 

19.50 

0.90 

8.00 

7.20 

0.80 

0.2560 

0.0880 

.0560  0.0320 

2.72 

.4400 

.0220 

0.54 

0.46 

26188 

Feb.     9 

50.00 

32.30 

17.70 

27.80 

12.20 

15.60 

3.9500 

0.8000 

.4700  0.3300 

6.28 

.0040  .0000 

7.44 

3.58 

26439  Mar.    9 

21.10 

19.40 

1.70 

6.80 

5.80 

1.00 

|0.6500;0.1400 

.0920i0.0480 

2.99 

.4400  .0280 

0.99 

0.69 

2674l|  Apr.  12 

26.40 

22.20 

4.20 

11.70 

8.00 

3.70 

1.25000.3600 

.22000.1400 

3.28 

.1500  .0960 

2.16 

1.28 

27083 

May   11 

45.00 

30.10 

14.90 

21.60 

10.10 

11.50 

4.3000,0.7700 

.4200  0.3500 

5.40 

.0000  .0000 

4.96 

2.75 

27448 

June  14 

84.00 

58.70 

25.30 

47.00 

24.30 

22.70 

6.7600!l.4800 

.6900  0.7900 

11.90 

.OOOOi.OOOO 

10.40 

5.24 

27760 

July  12 

80.80 

48.00 

32.80 

46.00 

19.00 

27.00 

8.0000 

1.5400 

.5100  1.0300 

7.89 

.0020 

.0000 

9.10 

5.80 

28186 

Aug.  10 

79. 60139.00 

40.60 

52.20 

13.30 

38.90 

;  6. 6000 

0.8400 

.5500  0.2900 

7.35 

.0000 

.0000 

8.20 

4.72 

28605 

Sept.  13 

50.20;.33.90 

16.30 

25.20 

13.20 

12.00 

14.6400 

0.9300 

.31200.6180 

5.35 

.0010 

.0000 

5.20 

2.30 

28953 

Oct.   11 

32.40:24.00 

8.40 

14.40 

6.50 

7.90 

1.1600 

0.3700 

.2000  0.1700 

3.95 

.0020 

.0160 

3.40 

1.52 

29305 

Nov.    8 

77.60l50.60 

27.00 

41.00 

18.60 

22.40 

6.1000 

1.3200 

.5900  0.7300 

10.12 

_ 

.0000 

10.80 

5.20 

29661 

Dec.  13 

56.40 
52.00 

31.80 

24.60 

29.80 

10.20 

19.60 
15.26 

4.4800 

1.0300 

.51000.5200 

5.60 

.0000 

.0000 

7.35 

3.25 

Av.. 

34.13 

17.87 

27.62 

12.38 

4.0122 

0.8057 

3850  n  ^ofiT 

6.07 

.0945 

.0135 

5.88 

3.07 

The  samples  were  collected  from  the  settling  tanks  and  represent  the  sewage  after  a  portion  of  the 
suspended  matter  has  been  separated  from  it. 
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Chemical  Examination  of  Effluent  from  the   Underdrains  of  the  Marlborough 

Filter-beds. 

[Parts  per  100,000.] 


c 
c 

Appearance. 

Ammonia. 

Nitrogen 

AS 

•6 

c 

a 

'A 

c 

T 

2 
S 

3 

Eh 

a 
1 

03 

o 
o 
O 

§1 

<U  03 

3  > 

6 

2 

o 

c 

< 

3 
o 

S 
o 

2 
5 

o 

c 
•a 

a 
o 

25924 

1899. 

Jan.  11 

Decided 

Cons. 

.12 

17.90 

0.6200 

.0140 

3.42 

0.3520 

.0026 

0.26 

5.6 

.0350 

25925 

Jan. 

11 

Decided. 

Cons. 

.17 

18.50 

0.5000 

.0140 

3.59 

0.4000 

.0075 

0.23 

5.1 

.0370 

26189 

Feb. 

9 

V.  slight. 

None. 

.07 

21.20 

0.4100 

.0160 

3.69 

0.5400 

.0260 

0.20 

6.7 

.0230 

26190 

Feb. 

9 

Slight. 

V.  Blight. 

.09 

21.70 

0.8600 

.0340 

4.11 

0.5200 

.0360 

0.39 

7.1 

.0180 

26440 

Mar. 

9 

Slight. 

V.  slight. 

.15 

14.20 

0.4000 

.0135 

2.70 

0.1500 

.0240 

0.26 

4.4 

.0180 

26479 

Mar. 

14 

Decided. 

Slight. 

.26 

15.30 

1.0700 

.0445 

2.95 

0.2200 

.0180 

0.44 

4.6 

.1300 

26742 

Apr. 

12 

Slight. 

Cons. 

.09 

18.80 

0.4640 

.0260 

3.03 

0.2250 

.0200 

0.32 

5.4 

.0230 

26743 

Apr. 

12 

Decided. 

Cons. 

.28 

15.90 

0.6720 

.0420 

3.07 

0.1000 

.0120 

0.46 

4.9 

.0800 

27084 

May 

11 

Slight. 

Slight. 

.08 

21.90 

0.4800 

.0490 

3.82 

0.4000 

.0096 

0.35 

6.7 

.0080 

27085 

May 

11 

Decided, 

Heavy, 

.19 

27.00 

0.5600 

.03.30 

4.68 

0.6100 

.0068 

0.39 

7.3 

.2300 

27449 

June  14 

iron. 
V.  slight. 

iron. 
V.  slight. 

.10 

37.80 

0.4200 

.0245 

6.17 

2.5000 

.0036 

0.33 

9.1 

.0070 

27450 
27761 

June  14 
July  12 

V.  slight. 
Decided. 

Slight, 

floe. 

Cons. 

.11 
.31 

31.80 
39.10 

0.6200 
1.2960 

.0280 
.0660 

5.21 
8.26 

1.6600 
0.8200 

.0180 
.0320 

0.35 
O.SO 

9.3 
9.6 

.0010 
.0600 

27762 

July 

12 

Slight. 

Cons. 

.15 

36.20 

0.9760 

.0520 

6.45 

2.0000 

.0240 

0.53 

8.9 

.0080 

28187 

Aug. 

10 

None. 

Slight. 

.07 

48.30 

0.6400 

.0230 

6.70 

1.6400 

.0040 

0.30 

12.6 

.0430 

28188 
28606 

Aug 
Sept. 

10 
13 

V.  slight. 
Slight. 

Slight, 
b'wD.floc. 
Slight. 

.34 
.11 

42.00 
46.00 

1.3000 
0.7000 

.1030 
.0380 

7.68 
8.37 

0.7000 
1.4500 

.0400 
.0120 

1.22 
0,33 

7.7 
9.1 

.2920 
.0360 

28607 

Sept. 

13 

V.  slight. 

Cons., 

.12 

45.70 

0.8000 

.0320 

7.41 

2.0000 

.0015 

0.31 

9.1 

.0700 

28954 

Oct. 

11 

Decided. 

iron. 
Cons. 

.45 

34.00 

2.2000 

.1620 

9.03 

0.2650 

.0800 

1.76 

3.9 

.0110 

28955 

Oct. 

11 

V.  slight. 

V.  slight. 

.04 

47.70 

0.5440 

.0160 

7.70 

2.0200 

.0100 

0.30 

9.4 

.0050 

29306 

Nov. 

8 

Decided. 

Cons., 

.46 

42.50 

1.2640 

.0760 

6.70 

0.9000 

.0350 

0.86 

9.0 

.2800 

29307 

Nov. 

8 

Decided. 

iron. 
Cons. 

.10 

40.20 

0.7920 

.0200 

6.75 

0.6100 

.0200 

0.38 

8.1 

.1100 

29662 

Dec. 

13 

Decided. 

Cons. 

.33 

34.20 

1.0560 

.1240 

6.50 

0.8200 

.0240 

0.81 

7.1 

.0440 

29663 

Dec. 

13 

Decided. 

Cons. 

.34 

31.20 

1.7600 

.1020 

6.60 

0.7200 

.0720 

0.78 

5.4 

.0680 

Av.*. 

.18 

31.21 

0.8502 

.0480 

5.61 

0.9009 

.0224 

0.51 

7.3 

.0682 

The  samples  were  collected  from  the  two  main  effluent  underdrains  at  their  outlets. 

*  Where  more  than  one  sample  was  collected  in  a  month,  the  mean  analysis  for  that  month  has 
been  used  in  making  the  average. 
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Chemical  Examination  of  Water  from  the  Brooh  into  which  the  Effluent  from 
Marlborough  Sewage  Filter-beds  is  discharged. 

[Parts  per  100,000.] 


the 


a 
o 

Appeabance. 

Residue  on 

EVAPOBA- 
TION. 

Ammonia. 

Nitrogen 

AS 

a 

C 

a 

ALBUMINOID. 

1 

o 

•3 

c 

1 
■3 

05 

o 

s 

"3 
o 

Eh 

o 

Hi 

o 

Eh 

o 

s 

■a 
1  s 

CD 

6 

c 

1 

1 

o 

a 

1899. 

27763 

July  12 

V.  Slight. 

Cons. 

.12 

18.55 

5.50 

.6560 

.0360 

.0300 

.0060 

6.72 

1.3800 

.0280 

.48 

7.4 

28189 

Aug.  10 

None. 

Cons., 
b'wn.floc. 

.16 

32.20 

15.60 

.5800 

.0270 

.0250 

.0020 

5.81 

1.5800 

.0360 

.43 

8.1 

28608 

Sept.  13 

V.  slight. 

V.  slight. 

.11 

36.60 

11.80 

.6080 

.0380 
.0336 

.0360 

.0020 

7.23 
6.25 

1.1000 

.0800 

.45 
.45 

7.4 

Av... 

.13 

29.12 

10.97 

.6147 

.0303 

.0033 

1.3533 

.0480 

7.6 

Odor,  musty. The  samples  were  collected  from  the  brook  below  the  point  where  the  effluent 

from  the  filter-beds  enters  the  stream. 


Sewage   Disposal  at  Medfield. 

Chemical  Examination  of  Sewage  from  Medfield. 

[Parts  per  100,000.] 


§■ 

Residue  on  Evapokation. 

Ammonia. 

Niteogen 

AS 

Oxygen 
Con- 

1 
o 
"3 

sumed. 

TOTAL  BESIDUE. 

loss  on  IGNITION. 

ALBUMINOID. 

1 

s 

g 

■a 
g 

c 

X3 

i 
IZi 

CS 

o 

1  'O 

^1 

1  "^ 
cog 

Q. 

"3 
o 

1 '° 

1 '° 

"5 
1 

1   "^ 

1  'o 

<»g 
o. 

25921 

1899. 

Jan.    11 

45.20 

43.00 

2.20 

27.00 

25.20 

1.80 

0.4600 

1.2800 

1.1800 

.1000 

2.55 

.0000 

.0360 

7.60 

6.88 

26437 

Mar.    8 

48.60 

45.00 

3.60 

16.00  13.40 

2.60 

1.0000 

0.7100 

0.6200 

.0900 

6.41 

.0000 

.0068 

6.88 

6.24 

27076 

May   10 

51.60 

41.00 

10.60 

23.80 

16.00 

8.80 

1.5400 

1.0600 

0.9400 

.1200 

- 

.0000 

.0000 

8.16 

6.40 

27748 

July  12 

165.20 

145.30 

19.90 

49.00 

34.20 

14.80 

1.4200 

1.2300 

0.7800 

.4500 

10.02 

.0000 

.0000 

11.00 

9.08 

28590 

Sept.  13 

73.60 

63.70 

9.90 

17.20 

9.10 

8.10 

1.4920 

0.5200 

0.3400 

.1800 

29.45 

.0010 

.0000 

3.50 

2.28 

29299 

Nov.    8 

111.00 

79.80 

31.20 

44.40 
29.57 

18.90 

25.50 

1.0600 

0.5600 

0.4300 

.1200 

6.  .60 

- 

.0004 

11.60 

3.80 

Av.. 

82.53 

69.63 

12.90 

19.30 

10.27 

1.1620 

0.8917 

0.7150 

.1767 

10.59 

.0002 

.0072 

8.12 

5.79 

The  samples  were  collected  as  the  sewage  flowed  upon  the  filter-beds. 
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Chemical  Examination  of  Water  from  a  Spring  below  the  Filtration  Area  of  the 
Medfeld  Sewerage  System. 

[Parts  per  100,000.] 


d 
o 

■5 
0 

la 

Appearancb. 

B 
0 

3  >• 
S 

Ammonia. 

c 

6 

Nitrogen 

AS 

i 

1 

si 

a 

s 

■3 

a 

1 

■5 

_o 
0 

0 

0 
h 

2 
0 

1 

g 

2 

25922 

1899. 

Jan.  11 

V.  slight. 

V.  slight. 

0.05 

4.60 

.0016 

.0028 

0.35 

.1120 

.0005 

0.10 

1.7 

.0030 

26438 

Mar.    8 

Slight. 

Slight. 

0.08 

5.20 

.0006 

.0052 

0.46 

.0920 

.0003 

0.15 

1.6 

.0050 

27077 

May  10 

"V.  slight. 

Slight. 

0.17 

3.70 

.0014 

.0112 

0.28 

.0250 

.0001 

0.19 

1.7 

.0110 

27749 
28591 

July  12 
Sept.  13 

Decided. 

V.  Blight. 

Heavy, 

earthy. 
Cons. 

1.00 
0.15 

8.90 
15.80 

.1030 
.0264 

.0750 
.0196 

0.79 
1.68 

.0030 
.0800 

.0000 
.0006 

1.16 
0.37 

2.6 
4.3 

.1500 
.0150 

29300 

Nov.    8 

Decided. 

V. heavy, 
earthy. 

0.75 

8.20 

.0168 

.0456 

1.12 

.0010 

.0002 

16.60 

3.3 

.1080 

Av... 

0.37 

7.73 

.0250 

.0266 

0.78 

.0522 

.0003 

3.09 

2.5 

.0487 

The  samples  were  collected  from  a  spring  which  is  located  north  of  the  filter-beds  and  a  little  over 
260  feet  from  the  edge  of  the  nearest  bed.  The  ground  where  the  filter-beds  are  located  slopes  in  the 
direction  of  this  spring. 


Medford. 

Chemical  Examination  of  Water  from  Underdrains  beneath  the  Sewers,  Medford. 

[Parts  per  100,000.] 


§ 

Appeakancb. 

B 

Ammonia. 

Nitrogen 

•a 

3  > 

2W 

a 

J3 

a 

3 

f 

2 
S 

B 

a 

•3 

0 

1 

2 

0 

a 

E 
0 

1 

't-r 

so 

B 

0 

Iz; 

0 

H 

00 

5J 

» 

^ 

<     > 

0 

!?; 

S 

0 

ta 

M 

1899. 

26430 

Mar,    7 

Slight. 

Cons., 
earthy. 

.02 

29.00 

.0504 

.0076 

6.69 

.4750 

.0024 

.12 

7.1 

.0160 

27731 

July  12 

None. 

V.  slight. 

.00 

17.90 

.0372 

.0056 

2.52 

.5200 

.0003 

.05 

4.6 

.0040 

29295 

Nov.    8 

None. 

None. 

.00 

24.60 

.0704 

.0056 

6.40 

.3400 

.0008 

.11 

4.6 

.0010 

Averages  by  Tears. 


1897 

- 

- 

.02 

27.30 

.0584 

.0067 

5.91 

.6933 

.0008 

.08 

7.4 

1898 

- 

- 

.03 

23.60 

.0347 

.0051 

3.78 

.8333 

.0004 

.09 

6.3 

1899 

- 

- 

.01 

23.83 

.0527 

.0063 

5.20 

.4450 

.0012 

.09 

5.4 

.0160 
.0090 
.0067 


Note  to  analyses  of  1899 :  Odor  of  the  first  two  samples,  very  faintly  musty;  of  the  last,  none. 

The  samples  were  collected  from  the  underdraln  in  Boston  Avenue,  near  the  Mystic  River. 
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Sewage  Disposal  at  Natick. 

Chemical  Examination  of  Sewage  from  Natick. 

[Parts  per  100,000.] 


o 

ts 

o 
O 

Cm 
o 

RESiDnE  ON  Evaporation. 

Amuonia. 

B 

Nitrogen 

AS 

Oxygen 

CONSnMED. 

TOTAL  RESIDUE. 

LOSS  ON  IGNITION. 

ALBUMINOID. 

» 

i 

1  ■? 

1  '° 

1  •o 

•  "i 

1  '" 

■a 
a) 

a 

3 

ta 

o 

~> 

§■0 
03  3 

5 

0 

~  > 

II 

cS 

'^t. 

§•0 

oog 

_o 

2 

')-> 

a 

fe5 

Q 

H 

a. 

H 

0. 

fc< 

h* 

a. 

0 

'^ 

•A 

& 

fa 

1S99. 

25930 

Jan.   11 

22.40 

21.90 

0.50 

6.60 

6.40 

0.20 

0.3320 

.0840 

.0360 

.0480 

2.95 

.4900 

.0650 

0.54 

0.41 

26185 

Feb.     8 

23.20 

21.50 

1.70 

8.20 

6.60 

1.60 

0.7000 

.2200 

.1300 

.0900 

3.45 

.4300 

.0950 

1.03 

0.76 

26420 

Mar.    8 

22.40 

20.30 

2.10 

8.00 

7.80 

0.20    10.3080 

.0960 

.0600 

.0360 

2.71 

.2750 

.0600 

0.58 

0.49 

26750 

Apr.  12 

21.60 

21.10 

0.50 

6.60 

6.60 

0.00  ,0.2680 

.1100 

.0520  .0580 

2.68 

.5600 

.0560 

1.44 

1.25 

27078 

May  10 

24.50  22.80 

1.70 

6.20'  4.80 

1.40     0.8320 

.3240 

.1180  .2060 

4.50 

.0000'. 0880 

1.44 

1.38 

27440 

June  14 

30.00' 27. 20 

2.80 

9.60    7.00 

2.60  |[1. 2900. 2800 

.2000,. 0800 

5.10 

.0100  .0000 

2.84 

2.22 

27746 

July  12 

40.00  35.90 

4.10 

12.60   9.10 

3.50  1  1.6500.3200 

.24001.0800 

8.60 

.0030  .0000 

4.00 

2.68 

28123 

Aug.    9 

49.40  39.10 

10.30 

16.60    7.00 

9.60  l'2. 1300  .4000 

.23001.1700 

12.20 

.0000 

.0000 

3.72    2.30 

28588 

Sept.  13 

46.40  37.90 

8.50 

21. 2U  13.70 

7.50     2.7080  .4700 

.2360 

.2340 

7.86 

.0010 

.0000 

4.40    3.00 

29000 

Oct.    11 

62.40:42.80 

19.60 

32.0o!l5.60 

16.40     3.0300  .5700 

.3900 

.1800 

8.051 

.0000 

.0000 

6.04!  4.30 

29301 

Nov.    8 

39.00  33.40 

5.60 

17.00:12.00 

5.00 

2.62001.4000 

.3000 

.1000 

5.15 

_ 

.0000 

4.90!  3.36 

29659 

Dec.  13 

38.00 

32.70 

5.30 

16.40 

12.00 

4.40 

2.3300  .4600 

.3100 

.1500 

5.10 

.0000 

.0000 

4.25 

3.25 

Av.. 

34.94 

29.72 

5.22 

13.42 

9.05 

4.37 

1.5165 

.3112 

.1918 

.1194 

5.70 

.1608 

.0303 

2.93 

2.12 

The  samples  were  collected  as  the  sewage  flowed  upon  the  filter-beds. 


Chemical  Examination  of  Effluent  from  the  Underdraiji  of  the  Natick  Filter-beds. 

[Parts  per  100,000.] 


c 

Appearance. 

c 

Ammonia. 

Nitrogen 

TJ 

si 

as 

a 

S 

>. 

^ 

■d 

.0 

a 

a 

2 
B 
3 

1 

0 

p 

« 

0 

c 

1 

1 

hi 

_  0 

c 

C3 

'A 

a 

H 

w 

0 

Ch 

U^ 

< 

0 

'A 

^ 

0 

1899. 

25931 

Jan.  11 

None. 

V.  slight. 

.02 

20.00 

.0200 

.0054 

2.65 

0.8300 

.0022 

.10 

6.6 

.0010 

26200 

Feb.  11 

V.  slight. 

None. 

.02 

18.30 

.1100 

.0065 

3.08 

0.5300 

,0048 

.14 

6.6 

.0020 

26421 

Mar.  8 

V.  slight. 

V.  slight, 
floe. 
Slight. 

.02 

16.50 

.0656 

.0068 

2.18 

0.4350 

.0016 

.10 

5.1 

.0050 

26751 

Apr.  12 

V.  slight. 

.02 

15.50 

.0628 

.0080 

2.30 

0.4300 

.0028 

.11 

5.7 

.0030 

27079 

May  10 

V.  slight. 

Slight. 

.10 

23.20 

.0588 

.0201 

3.49 

0.3900 

.0200 

.27 

7.9 

.0180 

27441 

Junel4 

V.  slinht. 

V.  slight. 

.05 

25.30 

.1040 

.0290 

5.00 

0.9600 

.0120 

.35 

6.1 

.0040 

27747 

July  12 

V.  slight. 

Slight. 

.02 

30.90 

.0050 

.0104 

5.39 

1.5200 

.0016 

.16 

7.4 

.0020 

28124 

Aug.  9 

Slight. 

Cons. 

.07 

27.40 

.1860 

.0560 

6.73 

0.3750 

.0056 

.40 

5.3 

.0010 

28589 

Sept. 13 

Decided. 

Oons. 

.10 

32.20 

.2680 

.0665 

7.25 

0.8100 

.0100 

.60 

6.7 

.0020 

29001 

Oct.  11 

V.  slight. 

Cons., 
iron. 

.02 

33.00 

.0232 

.0142 

5.30 

1.6400 

.0020 

.17 

7.3 

.0100 

29302 

Nov.  8 

Decided. 

Cons. 

.16 

33.30 

.2120 

.3180 

5.23 

1.3000 

.0036 

.59 

7.9 

.0120 

29660 

Dec. 13 

Decided. 

Cons. 

.30 

31.50 

.3960 

.0980 

4.75 

O.980O 

.0048 

.72 

7.4 

.0060 

Av... 

.07 

25.59 

.1259 

.0532 

4.45 

0.8500 

.0059 

.31 

6.7 

.0055 



The  samples  were  collected  from  the  underdrain  at  the  point  where  it  discharges  into  Bannister 
Brook, 
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Newton. 

Chemical  Examination  of  Water  from  the  Main  Underdrain  of  the  Hyde  Brook 
Division  of  the  Newton  Sewerage  System. 

[Parts  per  100,000.] 


s 

Appearance. 

c 

Ammonia. 

Nitrogen 

■c 

AS 

a 

o 

jA 

a 

^1 

s 

s 

» 

CD 

a 

:3 

■a 
S 
3 

a 

■3 

o 

2a 

e 
o 

g 

2 

bo 

0) 

s 

•g 

a 
p 

izi 

q 

H 

02 

O 

PS 

fe 

<! 

O 

Z 

g 

O 

w 

1899. 

26442 

Mar.     8 

V.  slight. 

Slight. 

.01 

19.00 

.0094 

.0060 

2.15 

.4800 

.0004 

.07 

8.6 

.0010 

29313 

Nov.    9 

V.  slight. 

Slight. 

.03 

22.80 

.0166 

.0088 

2.18 

.5000 

.0036 

.09 

8.4 

.0100 

Averages  by  Years. 


1892 
1893 
1894 
1895 
1896 
1897 
1898 


.00 

27.08 

.0126 

.0029 

3.18 

1.1666 

.0015 

10.1 

_ 

.03 

25.43 

.0140 

.0037 

2.48 

0.9550 

.0018 

.06 

9.4 

_ 

.03 

26.27 

.0105 

.0034 

2.67 

0.9933 

.0012 

.05 

9.2 

- 

.02 

25.73 

.0072 

.0032 

2.44 

0.5583 

.0005 

.05 

9.7 

- 

.03 

24.30 

.0202 

.0101 

2.32 

0.7333 

.0017 

.20 

8.5 

- 

.01 

23.67 

.0067 

.0061 

2.13 

0.6033 

.0027 

.04 

8.9 

_ 

.04 

20.90 

.0161 

.0074 

2.39 

0.5500 

.0018 

.07 

9.7 

- 

.02 

20.90 

.0130 

.0069 

2.16 

0.4900 

.0020 

.08 

8.5 

.0052 
0099 
0033 
0157 

.0797 
0007 
0057 
0055 


Note  to  analyses  of  1899:  Odor  of  the  first  sample,  very  faintly  musty,  disappearing  on  heating; 

of  the  last,  none,  becoming  very  faintly  unpleasant  on  heating. The  samples  were  collected  from  the 

underdrain  at  its  outlet. 


Chemical  Examination  of  Water  from  the  Main  Underdrain  of  the   Cheesecake 
Brook  Division  of  the  Newton  Setverage  System. 

[Parts  per  100,000.] 


c 

Appearance. 

a 

Ammonia. 

Nitrogen 

■d 



a 

s 

S 

3 

a 
3 

■3 
1 

1 
•3 

_o 

a  a 

3  > 

■ga 

•a 
o 

c 

i'a 

o 

1 

"C 

c 
_  o 

60 
!>> 
X 

1 

o 

Sq 

a 

Eh 

S 

O 

t^ 

< 

O 

>^ 

g 

o 

ta 

f-H 

1S99. 

26441 

Mar.    8 

Slight. 

Cons., 
earthy. 

.09 

15.50 

.0062 

.0078 

1.30 

.3100 

.0003 

.16 

5.7 

.0200 

27775 

July  14 

V.  slight. 

Slight. 

.06 

14.20 

.0058 

.0040 

1.25 

.2890 

.0003 

.06 

6.0 

.0020 

29312 

Nov.    9 

V.  slight. 

Gods., 
earthy. 

.05 

14.70 

.0040 

.0030 

1.51 

.2100 

.0003 

.09 

6.0 

.0390 

A^ 

^,,    X 

Averages  by  Years. 


1894 
.1895 
1896 
1897 
1898 


.04 

20.53 

.0265 

.0040 

2.05 

.5567 

.0030 

.05 

7.9 

_ 

.03 

19.30 

.0125 

.0038 

1.50 

.3167 

.0004 

.03 

7.6 

_ 

.08 

17.03 

.0065 

.0074 

1.40 

.3333 

.0004 

.16 

6.8 

_ 

.03 

16.03 

.0061 

.0041 

1.32 

.2600 

.0003 

.05 

6.4 

- 

.07 

15.77 

.0047 

.0043 

1.43 

.3683 

.0002 

.06 

6.6 

- 

.07 

14.80 

.0053 

.0049 

1.35 

.2697 

.0003 

.10 

5.9 

,0340 

,0287 
,0533 
.0327 
,0137 
,0203 


Note  to  analyses  of  1899 :  Odor,  none.  - 
outlet. 


■  The  samples  were  collected  from  the  underdrain  at  its 


No.  34.] 
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Chemical  Examination  of  Water  from  the  Main  Underdrain  beneath  the  Laundry 
Brook  Valley  Seiver,  Newton. 

[Parts  per  100,000.] 


§ 

Appearance. 

0 

Ammonia. 

NiTEOGEN 
AS 

a 

.Q 

a 

3 

o 
■3 

is 
s 

1 

■3 

0^ 

§1 
P 

2 
0 
c 

3  a 

c 
0 

2 

5 

c 
bo 

c 
■g. 

OS 

2 

'A 

« 

H 

02 

0 

M 

&:< 

^ 

0 

s 

iS 

0 

W 

h-t 

1899. 

26443 

Mar.    8 

V.  slight. 

Cons. 

.05 

19.60 

.0150 

.0024 

2.10 

.6900 

.0004 

.05 

7.3 

.0120 

27726 

July  12 

V.  slight. 

Slight. 

.02 

16.20 

.0108 

.0028 

1.50 

.4450 

.0003 

.02 

6.4 

.0100 

29314 

Nov.    9 

None. 

Slight. 

.02 

15.90 

.0094 

.0022 

1.60 

.3600 

.0004 

.05 

6.0 

.0120 

Averages 

by  Tears. 

1894 

.04 

17.23 

.0103 

.0019 

1.68 

.3767 

.0005 

.05 

6.8 

.0447 

_ 

1895 

_ 

_ 

.03 

21.70 

.0105 

.0067 

2.09 

.6217 

.0006 

.04 

8.5 

.0550 

_ 

1896 

_ 

_ 

.02 

18.40 

.0118 

.0017 

1.88 

.4600 

.0005 

.07 

7.0 

.0330 

_ 

1897 

_ 

_ 

.02 

16.93 

.0095 

.0037 

1.48 

.2933 

.0003 

.03 

6.7 

.0163 

_ 

1898 

- 

_ 

.07 

19.17 

.0195 

.0040 

2.00 

.5400 

.0009 

.06 

7.9 

.0227 

- 

1899 

- 

- 

.03 

17.23 

.0117 

.0025 

1.73 

.4983 

.0004 

.04 

6.6 

.0113 

Note  to  analyses  of  1899  :  Odor,  none, 
outlet. 


■  The  samples  were  collected  from  the  underdrain  at  its 


Sewage  Disposal  at  Spencer. 
Chemical  Examination  oj  Sewage  from  Spencer. 

[Parts  per  100,000.] 


1 

■3 
0 

0 

Residue  on  Evapokation. 

Ammonia. 

c 

Nitrogen 

A3 

Oxygen 
Consumed. 

TOTAL  EESIDtJE. 

LOSS  ON  IGNITION. 

albuminoid. 

1 

•6 

.a 

1  "^ 

1  '° 

1  -i 

1  "^ 

1  "O 

1  "^ 

3 

ta 

5^ 

02  S 

5 

5-^ 

<»g 

S 

0 

O'l 

02  s 

2 

L. 

u 

3 

.M 

a 

Q 

H 

0. 

H 

P- 

E>4 

H 

M 

0, 

Q 

g 

ts 

E 

1899. 

25926 

Jan.  10 

23.20 

17.60 

5.60 

12.20 

6.60 

5.60 

1.0300 

0.3600 

.1700 

.1900 

2.58 

.1740 

.0260 

3.33 

2.21 

26304 

Feb.  20 

18.20 

11.30 

6.90 

10.20 

3.60 

6.60 

0.6400 

0.3440 

.0960 

.2480 

2.03 

.0250 

.0260 

2.56 

1.18 

26525 

Mar.  14 

22.00 

14.80 

7.20 

10.60 

4.. SO 

6.30 

1.9520 

0.4960 

.1800 

.3160 

2.60 

.00201.0000 

2.18 

1.04 

26765 

Apr.  11 

16.00 

11.80 

4.20 

7.. 50 

3.. 50 

4.00 

1.1600 

0.4400 

.1320 

.3080 

1.90 

.0000!  .0000 

2.08;  0.35 

27081 

May  11 

16.00 

10.00 

6.00 

7.00 

3.00 

4.00 

0.8600 

0.2800 

.0800 

.2000 

1.90 

.0000 

.0000 

1.38|  0.88 

27579 

June  24 

30.00 

18.60 

11.40 

16.20 

5.50 

10.70 

1.6500 

0.3400 

.1700 

.1700 

4.01 

.0020 

.0000 

3.00 

1.76 

27858 

July  22 

23.40 

18.. 50 

4.90 

10.40 

7.10 

3.30 

3.6400 

0.3200 

.1700 

.1500 

3.70 

.0000 

.0000 

1.64 

0.97 

28273 

Aug.  18 

29.00 

21.75 

7.25 

9.. 50 

5.40 

4.10 

1.0200 

0.4000 

.2200 

.1800 

4.95 

.00.30 

.0000 

2.48 

1.40 

28685 

Sept.  19 

26.80 

14.70 

12.10 

13.00 

7.00 

6.00 

0.8300 

0.4200 

.2040 

.2160 

2.57 

.0020 

.0000 

3.08 

1.82 

29109 

Oct.   23 

78.00 

21.00 

57.00 

59.00 

8.50 

50.50 

3.2000 

1.1550 

.4200 

.7350 

3.25 

.0050 

.0012 

8.40 

2.64 

29355 

Nov.  10 

27.00 

16.00 

11.00 

13.20 

5.90 

7.30 

1.9100 

0.4^00 

.2500 

.2400 

2.98 

.0020 

.0000 

3.30 

2.00 

29616 

Dec.  11 

42.20 

25.70 
16.81 

16.50 

28.40 

12.90 

15.50 

1.5500 

0.6100 

.2400 

.3700 

4.46 

.0020 

.0000 
.0044 

6.08 

4.26 

Av.. 

29.31 

12.50 

16.43 

6.11 

10.32 

1.6202 

0.4712 

.1943 

.2769 

3.08 

.0181 

3.29 

1.71 

The  samples  were  collected  as  the  sewage  flowed  upon  the  filter-beds. 
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Chemical  Examination  of  Effluent  jrom  the  Sewage  Filtration  Area  at  Spencer. 

[Parts  per  100,000.] 


c 
o 

o 

T 

Appearance. 

o 

Ammonia. 

a 
1 

O 

Nitrogen 
as 

a 

3 
S 

o 

1 

XI 

a 

s 

'A 

>> 

3 

c 
3 

u 

o 

O 

L- 

fe 

3 
'S 

c 

< 

1 

1899. 

25927 

Jan.  10 

V.  slight. 

V.  slight 

.01 

15.60 

.0256 

.0058 

2.42 

0.8200  .0005 

.09 

4.0 

.0010 

26305 

Feb.  20 

None. 

V.  slight. 

.00 

12.00 

.0880 

.0060 

2.01 

0.2000.0008 

.10 

3.3 

.0010 

26526 

Mar.  14 

None. 

Slight. 

.01 

10.10 

.1632 

.0096 

1.76 

0.2750 

.0010 

.11 

3.6 

.0000 

26766 

Apr.  11 

None. 

V.  slight. 

.00 

12.50 

.4320 

.0980 

1.80 

0.6800 

.0009 

.10 

4.4 

.0030 

27082 

May     9 

V.  slight. 

V.  slight. 

.00 

14.30 

.0454 

.0078 

2.22 

0.7100 

.0012 

.09 

3.9 

.0020 

27580 

June  24 

V.  slight. 

V.  slight. 

.04 

19.40 

.0320 

.0184 

2.98 

1.2000 

.0048 

.24 

3.9 

.0010 

27859 

July  22 

None. 

None. 

.00 

19.30 

.0520 

.0080 

2.95 

1.1800 

.0024 

.12 

4.9 

.0010 

28274 

Aug.  18 

None. 

None. 

.00 

22.40 

.0454 

.0060 

2.85 

0.4400 

.0015 

.13 

5.3 

.0010 

28686 

Sept.  19 

None. 

V.  slight. 

.00 

18.20 

.0408 

.0100 

3.10 

0.9600 

.0018 

.10 

4.3 

.0020 

29110 

Oct.   23 

None. 

None. 

.08 

15.70 

.0324 

.0068 

2.62 

0.2850 

.0001 

.10 

3.5 

.0010 

29356 

Nov.  10 

V.  slight. 

None. 

.07 

14.10 

.1880 

.0070 

2.48 

0.7300 

.0006 

.11 

3.1 

.0030 

29617 

Dec.  11 

None. 

V.  slight. 

.02 
.02 

16;  70 

.0704 

.0044 

2.61 

0.9500 

.0010 

.11 

3.9 

.0000 

Av... 

15.86 

.1013 

.0156 

2.48 

0.7025 

.0014 

.12 

4.0 

.0013 

The  samples  were  collected  from  the  underdrain  beneath  bed  J. 
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FOOD  AND  DEUG  INSPECTION. 


The  following  report  comprises  the  operations  of  the  Board  dur- 
ing the  year  ended  Sept.  30,  1899,  under  the  provisions  of  the  food 
and  drug  acts. 

The  Board  is  required  to  print  an  annual  report  to  the  Legislat- 
ure of  "the  number  of  prosecutions  made  under  the  food  and  drug 
acts,  and  an  itemized  account  of  all  money  expended  in  carrying  out 
the  provisions  thereof." 

This  report  was  presented  to  the  Legislature  March  2,  1900,  and 
is  also  embodied  in  the  following  detailed  report  of  observations 
for  the  year. 

The  general  supervision  of  the  work  has,  as  in  previous  years, 
in  compliance  with  the  regulations  of  the  Board,  been  under  the 
charge  of  the  secretary.  This  has  included  the  collection  of 
samples,  their  examination  by  the  analysts,  the  prosecution  of 
offenders,  and  other  essential  work  under  these  statutes,  including 
the  necessary  correspondence  with  various  classes  of  parties  who 
are  especially  amenable  to  the  action  of  these  statutes. 

The  following  persons  comprised  the  force  employed  by  the 
Board  during  the  year  in  this  department  of  work :  — 

Albert  E.  Leach, Analyst. 

C.  A.  GoESSMANN,     .        . Analyst. 

Hermann  C.  Ltthgoe, Assistant  Analyst. 

John  F.  McCaffrey, Inspector. 

John  H.  Terry, Inspector. 

Horace  F.  Davis, Inspector. 

Thomas  O.  Allen, Inspector. 

The  number  of  samples  of  food  and  drugs  examined  during  the 
year  is  shown  in  the  following  summary ;  and  the  following  pages 
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contain  a  complete  summary  of  the  work  done  since  and  including 
1883:  — 


Number  of  samples  of  milk  examined, 6,186 

Number  of  samples  above  standard, 4,506 

Number  of  samples  below  standard, 1,680 

Percentage  of  adulteration  or  deficiency, 27.2 

Number  of  samples  of  other  kinds  of  food  examined  (not  milk),  3,069 

Number  of  samples  above  standard, 2,615 

Number  of  samples  below  standard, 454 

Percentage  of  adulteration, 14.8 


Number  of  samples  of  drugs  examined, 
Number  of  samples  of  good  quality, 
Number  of  samples  adulterated  (as  defined  by 
Percentage  of  adulteration,     .... 


Total  number  of  food  and  drugs  examined,  . 
Total  number  found  to  be  of  good  quality,  . 
Total  number  not  conforming  to  the  statutes, 
Percentage  of  adulteration,     .... 


547 

303 

244 

44.6 

9,802 
7,424 
2,378 
24.3 


No.  34.]  FOOD   AND   DRUG   INSPECTION. 
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The  following  table  has  been  prepared  for  the  purpose  of  com- 
paring the  results  of  inspection  during  the  earlier  years  of  work 
under  the  food  and  drug  acts  with  those  of  the  later  years  of  the 
period.  Two  periods  were  purposely  selected,  in  order  that  the 
amount  of  work  performed  in  these  periods  might  be  compared. 
The  entire  number  of  samples  collected  and  examined  in  the  three 
years  1883,  1884  and  1885  was  less  than  the  number  now  examined 
in  a  single  year. 


Milk, 

CondeoBed  milk, 

Butter 

Cheese, 

Vinegar 

Lard, 

Olive  oil 

Bpioee  and  condimenta,  . 

Coffee 

Tea,  .       .       .       .       . 

Wheat  flour 

Cream  of  tartar. 

Molasses 

Syrups 

Maple  syrup 

Maple  sugar,    .        .        .        . 

Honey, 

Confectionery, 

Canned  foods 

Jellies  and  jams,  .  .  . 
Spirits,  ■wine,  beer  and  cider. 
Drugs 


Total. 


20,732 

20 

1,195 

130 

1,146 

173 

313 

5,280 

296 

352 

22 

1,877 

1,165 


210 

118 

266 

285 

203 

61 

17 

6,016 


Adulter- 
ated. 


8,667 

2 

338 

1 

652 

74 

206 

1,411 

97 

5 

0 

376 

212 

13 

89 

44 

118 

52 

133 

12 

7 


41.8 
10.0 
28.0 
0.8 
57.0 
43.0 
66.0 
26.7 
33.0 
1.0 
0.0 
20.0 
18.0 
33.0 
42.0 
37.0 
44.0 
18.0 
66.0 
20.0 
41.0 
33.0 


Total. 


30,466 
227 

2,368 
343 
604 
277 
211 

9,622 
792 
624 
145 

2,609 

1,229 
83 
273 
247 
450 
497 
320 
51 
175 

3,852 


Adulter- 
ated. 


12,104 

19 

75 

0 

276 

52 

51 

1,263 

148 

26 

5 

89 

93 

43 

46 

43 

91 

12 

111 

35 

114 

1,552 


39.7 

8.4 

3.2 

0.0 

45.5 

18.8 

24.1 

13.1 

18.7 

4.1 

3.6 

3.4 

7.6 

52.0 

16.8 

17.4 

20.2 

2.4 

34.7 

68.6 

65.1 

40.3 


The  following  observations  may  be  made  in  regard  to  this  table. 
It  is  not  complete.  Only  the  principal  articles  of  food  examined  are 
here  presented  for  comparison.  There  is  a  large  class  of  miscel- 
laneous articles  which  do  not  appear  in  the  table,  comprised  of  a 
greater  variety  of  different  kinds  of  food  which  have  been  collected 
at  different  times  and  for  various  purposes,  often  on  account  of  some 
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temporary  adulteration,  such  as  occasionally  appears  and  as  quickly 
disappears  after  it  has  once  been  exposed  by  one  or  more  prosecu- 
tions of  offenders. 

These  different  varieties  of  articles  cannot  fairly  be  compared  with 
reference  to  periods  of  time,  since  examinations  of  this  character 
were  often  confined  to  a  single  year  or  portion  of  a  year. 

Of  the  twenty-two  classes  of  articles  shown  in  the  table,  with  few 
exceptions,  the  greater  number  were  examined  in  the  later  period  of 
time. 

These  different  classes  are  here  commented  upon  separately. 

Milk  and  Milk  Products. — The  statutes  require  that  three-fifths 
of  the  appropriation  for  food  and  drug  inspection  shall  be  expended 
in  enforcing  the  laws  relating  to  these  articles  ;  hence  the  majority 
of  the  articles  procured  for  examination  were  of  this  class. 

Milk  as  a  food  differs  from  other  classes  of  food  so  far  as  adultera- 
tion is  concerned,  since,  while  it  may  have  been  produced  under 
perfectly  natural  conditions,  it  may  yet  be  below  the  standard  fiixed 
by  statute  and  hence  is  deemed  to  be  adulterated.  Observations 
once  made  by  the  Board  upon  the  subject  of  "  milk  of  known  purity  " 
showed  that  if  a  thousand  samples  of  milk  were  obtained  from  as 
many  animals  and  were  submitted  to  analysis,  a  considerable  number 
would  prove  to  be  below  any  standard  which  has  been  adopted. 
Hence  the  41.8  per  cent,  of  the  early  and  the  39.7  per  cent,  of  the 
later  period  do  not  represent  so  much  actual  and  intentional  adul- 
teration. The  work  of  the  first  two  years,  1883  and  1884,  showed 
an  excessive  percentage  of  adulteration,  but  after  inspection  and 
analysis  had  once  been  established  the  amount  of  actual  adulteration 
has  been  reduced  to  a  small  amount,  which  does  not  appear  in  the 
published  percentages.  It  is,  however,  undoubtedly  true  that  con- 
tinuous and  persistent  work  in  this  direction  is  necessary  in  order  to 
protect  the  consumers  from  the  frauds  that  are  sure  to  be  practised 
in  the  absence  of  such  inspection. 

It  is  worthy  of  note  here  that  the  stringent  standard  of  1880  (13 
per  cent,  of  solids  throughout  the  year)  has  been  modified  by  several 
successive  amendments.  At  first  a  standard  of  12  per  cent,  was 
made  permissible  for  two  months  of  the  year,  then  for  five  months 
and  finally  for  six  months,  so  that  the  13  per  cent,  standard  is  now 
in  force  only  for  the  months  from  October  to  March  inclusive,  and 
for  the  remaining  months  it  is  12  per  cent. 

During  the  sixteen  years  comprised  in  this  table  very  great  im- 
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provement  has  taken  place  in  the  matter  of  local  inspection.  At 
the  beginning  of  the  period  there  was  no  local  inspection  worthy  of 
note  in  the  State.  Now  nearly  every  city  and  some  of  the  larger 
towns  have  milk  inspectors,  regularly  appointed,  some  of  whom  are 
equipped  with  efficient  laboratories  for  the  examination  of  milk.  In 
consequence  of  this  fact  a  large  share  of  the  work  of  milk  inspection 
has  been  transferred  from  the  State  to  local  inspectors,  and  the  work 
of  the  State  Board  has  therefore  been  devoted  in  a  greater  ratio  to 
the  inspection  of  the  milk  obtained  at  the  dairies  of  producers,  since 
the  law  does  not  give  the  local  inspector  authority  to  examine  milk 
outside  the  boundaries  of  his  own  city. 

Condensed  Milk. — This  valuable  article  of  food  is  largely  used, 
in  consequence  of  its  less  perishable  character,  and  because  it  con- 
tains the  nutritious  constituents  of  the  milk  in  portable  and  compact 
form.  Special  attention  has  been  given  to  this  article  in  recent 
years,  and  several  prosecutions  have  been  made  for  violation  of  the 
statute.  The  principal  form  of  adulteration  noticed  consisted  in  a 
deficiency  of  fat. 

Butter.  —  The  whole  number  of  examinations  of  butter  in  the  six- 
teen years  was  3,563,  of  which  about  one-third  was  examined  in  the 
first  period  and  the  remaining  two-thirds  in  the  last  period.  There 
was  a  very  marked  improvement,  comparing  the  two  periods,  the 
percentage  of  adulteration  falling  from  28  per  cent,  to  3.2  per  cent., 
a  fact  which  was  undoubtedly  due  in  some  measure  to  the  enact- 
ment of  several  laws  since  1883  for  the  prevention  of  adulteration 
of  this  valuable  article  of  food.  A  considerable  portion  of  the 
samples  recorded  in  the  first  column  was  obtained  during  the  in- 
vestigation ordered  by  the  Legislature  of  1887.  This  order  was  as 
follows  :  — 

Ordered,  That  the  State  Board  of  Health  be  requested  and  required  to 
make  a  special  investigation  and  report  to  the  next  General  Court  upon  the 
manufacture  and  sale  of  oleomargarine  and  butterine,  especially  with  ref- 
erence to  their  healthfulness  as  articles  of  food,  and  as  to  the  question 
whether  they  are  sold  in  compliance  with  existing  laws. 

The  results  of  this  investigation  were  reported  upon  in  full  in  the 
nineteenth  annual  report  of  the  Board  for  1887. 

Cheese.  — So  far  as  has  been  shown  by  the  samples  of  cheese  col- 
lected and  examined,  this  article  would  appear  to  be  more  free  from 
adulteration  in  Massachusetts  than  any  other  article  named  in  the 
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list.  (See  statement  in  analyst's  report  on  page  626,  giving  reason 
for  this  fact.) 

Vinegar.  — The  percentage  of  samples  of  vinegar  which  did  not 
conform  to  the  standard  in  the  first  period  was  57  and  in  the  latter 
45.5.  The  standard  of  vinegar  was  fixed  by  statute  in  1884  (chap- 
ter 307),  but  by  a  law  of  1885,  after  an  investigation  of  the  subject 
by  a  legislative  committee,  the  acidity  percentage,  which  had  been 
5  per  cent.,  was  lowered  to  4J,  and  has  not  been  changed  since  that 
date.  A  considerable  portion  of  the  samples  obtained  in  the  first 
period  were  procured  with  reference  to  and  as  an  aid  to  this  investi- 
gation. The  standard  of  solid  residue  for  cider  vinegar,  2  per  cent., 
has  not  been  changed. 

Lard.  —  With  reference  to  this  article  special  legislation  was  also 
enacted  by  the  Legislature  of  1887,  and  investigations  were  made  by 
the  Board  relative  to  the  quality  of  lard  offered  for  sale  in  the  mar- 
ket. Samples  were  prepared  by  the  Board  containing  known  quan- 
tities of  difierent  ingredients  commonly  used  for  the  purpose  of 
cheapening  this  product,  and  were  entrusted  to  different  chemists 
with  the  object  of  securing  precision  in  the  methods  of  analysis. 
The  percentage  of  adulteration  was  reduced  more  than  one-half, 
comparing  the  two  periods. 

Olive  Oil.  —  This  article  is  quite  generally  adulterated  by  the  sub- 
stitution of  some  cheaper  oil,  usually  cotton-seed.  Comparing  the 
two  periods,  however,  the  adulteration  has  been  reduced  to  but  little 
more  than  one-third  of  its  former  magnitude.  In  this  instance,  as 
well  as  in  many  others,  experience  shows  that  a  case  of  actual  adul- 
teration cannot  usually  be  maintained  in  court  unless  the  article  sold 
is  of  a  difierent  character  from  that  which  is  called  for  by  the  pur- 
chaser or  consumer.  Hence,  if  the  buyer  uses  such  indefinite  terms 
as  "  Sweet  Oil "  or  "  Salad  Oil"  in  purchasing  of  a  vendor,  no  com- 
plaint can  be  maintained  if  the  article  does  not  prove  to  be  pure 
olive  oil,  or  unless  it  be  fraudulently  labelled.  Instances  of  ex- 
tremely adroit  methods  of  evading  the  law  by  the  use  of  misleading 
labels  are  quite  common  in  connection  with  the  sale  of  this  article. 

Spices  and  Condiments.  —  Spices  are  more  liable  to  adulteration 
than  any  other  class  of  food,  except  milk.  The  percentage  of  adul- 
teration found  to  exist  in  1883,  1884  and  1885  was,  respectively,  65, 
50  and  48  per  cent,  and  for  the  period  1883-91  it  was  26.7  per 
cent.  ;  but  it  has  fallen  to  an  average  of  only  13.1  per  cent,  in  the 
period  1892-98. 
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The  forms  and  ingredients  of  adulteration  are  very  numerous  and 
consist  mostly  of  powdered  substances  of  very  cheap  and  worthless 
character. 

A  singular  instance  of  spice  adulteration  occurred  during  last  year, 
that  of  the  substitution  of  wild  mace  for  mace,  the  former  being  the 
cheaper  product.  The  courts  decided  this  to  be  a  violation  of  the 
statutes.     (See  report  of  1898,  p.  685.) 

Coffee  and  Tea. — While  adulterated  coffee  is  one  of  the  most 
common  forms  of  falsification  found  in  our  markets,  adulterated  tea 
is  comparatively  rare. 

At  the  beginning  of  operations  under  the  food  acts  in  1883,  the 
markets  were  still  flooded  with  the  cheap  imitations  of  cofifee  which 
became  so  common  soon  after  the  civil  war.  They  were  mostly  put 
up  in  packages  containing  one  pound  in  each  package,  the  mixture 
containing  variable  percentages  of  chicory,  roasted  peas,  beans, 
wheat,  rye  and  other  cereals.  They  were  usually  sold  at  a  much 
lower  price  than  pure  coffee.  There  is  now  a  considerable  demand 
for  coffee  substitutes,  and  many  brands  of  roasted  cereals  find  a  ready 
sale  and  are  mostly  labelled  honestly. 

At  the  present  time  the  adulterations  of  coffee  are  chiefly  those 
which  consist  of  a  mixture,  the  chief  ingredients  of  which  are 
usually  pure  coffee  in  the  proportion  of  60  to  80  per  cent.,  the  re- 
mainder consisting  either  of  chicory  or  cereals  or  both,  the  whole 
being  sold  either  in  bulk  or  in  packages  of  two  to  five  pounds  or 
more.  These  are  usually  labelled  as  blended  or  mixed  coffee,  or 
often  as  pure  coffee,  but  quite  as  often  they  bear  a  misleading  label, 
which,  after  considerable  study,  appears  to  indicate  a  mixture. 

The  general  result  of  analyses  of  coffee  shows  a  reduction  from 
33  per  cent,  to  18.7  per  cent.,  comparing  the  two  periods. 

Several  years  ago  an  artificial  coffee  berry  was  invented,  having 
a  very  close  resemblance  to  the  genuine  roasted  berry.  It  was  un- 
doubtedly believed  by  the  manufacturers  that  this  imitation  could 
be  used  successfully  by  mixing  it  with  roasted,  unground  coffee 
berries  in  certain  proportions.  The  false  berries,  however,  being 
made  of  roasted  starch  or  of  similar  material,  lacked  the  most  im- 
portant characteristic  of  genuine  coffee,  the  taste  or  flavor.  Hence 
as  an  adulteration  they  proved  a  failure,  especially  in  states  where 
food  inspection  is  practised. 

The  examination  of  teas  shows  a  remarkable  freedom  from  adul- 
teration, the  whole  number  of  samples  collected  being  976,  with  only 
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31  adulterated  samples.  The  ratio  of  adulteration  in  the  later  period 
was  greater  than  that  of  the  first,  but  this  fact  has  little  significance^ 
since  the  absolute  numbers  in  each  case  were  quite  small. 

Wheat  Flour.  —  The  entire  number  of  samples  of  wheat  flour 
examfned  in  both  periods  was  only  167,  of  which  5  were  adulterated, 
or  3.5  per  cent.,  the  adulterant  being  in  each  case  the  flour  or  meal 
of  Indian  corn.  The  sensational  statements  of  the  public  press 
published  during  the  past  year  relative  to  flour  adulteration  do  not 
appear  to  be  confirmed  so  far  as  examinations  made  in  Massachusetts 
are  concerned. 

Cream  of  Tartar.  —  The  early  inspections  made  by  the  Board 
showed  an  excessive  adulteration  of  cream  of  tartar,  the  substances 
in  use  for  this  purpose  being  very  numerous.  Phosphate  and  sul- 
phate of  lime,  corn-starch  and  alum  were  the  chief  substitutes.  But 
a  few  prosecutions  and  careful  inspection  of  the  markets  had  a 
marked  effect  in  clearing  the  State  of  very  much  of  the  impure 
material  which  had  hitherto  been  sold  as  cream  of  tartar. 

It  appears  by  the  report  of  1884,  p.  138,  that  out  of  a  total  of  232 
samples  collected,  77,  or  33.2  per  cent.,  were  found  to  be  below  an 
assumed  standard  of  90  per  cent,  of  pure  cream  of  tartar.  Only  1 
sample  contained  more  than  98.1  per  cent,  of  pure  cream  of  tartar 
and  only  23  contained  over  95  per  cent.  On  the  other  hand,  in  the 
reports  of  1897  and  1898,  it  appears  that  only  29  samples  out  of  799 
which  were  examined,  or  but  little  more  than  3|-  per  cent.,  were 
adulterated.  The  whole  number  of  samples  examined  in  the  first 
period,  1883-91,  was  1,877,  with  a  ratio  of  adulteration  of  20  per 
cent.,  and  in  the  later  period,  1892-98,  2,609,  with  a  ratio  of  only 
3.4  per  cent. 

Baking  Powders,  —  The  whole  number  of  samples  examined  was 
178.  They  were  found  free  from  ingredients  whose  use  would  be 
harmful  under  the  ordinary  conditions  in  which  baking  powders  are 
used.  It  would  be  difficult  to  define  adulteration  of  baking  powders^ 
since  no  standard  of  this  class  of  preparations  exists  other  than  that 
which  has  been  arbitrarily  proposed  in  accordance  with  the  claims 
of  rival  manufacturers.  Popular  notions,  derived  from  the  well-paid 
advertisements  of  baking-powder  manufacturers,  are  exaggerated. 

Molasses.  —  The  ratio  of  adulteration  of  molasses  was  reduced 
from  18  per  cent,  in  1883-91  to  7.6  per  cent,  in  the  later  period^ 
1892-98.  The  action  of  the  Board  in  regard  to  the  adulteration  of 
molasses  with  salts  of  tin  had  a  decided  effect  in  suppressing  this 
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form  of  adulteration,  and  the  principal  adulterant  now  in  use  with 
the  view  of  cheapening  the  product  is  glucose. 

Syrups. — Only  122  samples  of  syrups  (sold  under  this  name 
without  further  specification)  were  examined,  and  the  figures  re- 
lating to  this  article  have  little  significance  in  consequence  of  the 
indefinite  character  of  the  word  "syrup."  No  complaints  were 
entered  in  court  in  which  this  word  "syrup"  was  employed,  since 
the  term  is  generic,  not  specific.  (Several  complaints  have  been 
entered  in  England  for  adulteration  of  so-called  "golden  syrup," 
and  convictions  were  secured  in  these  cases.) 

With  maple  syrup,  however,  the  case  is  quite  difierent.  The 
difierence  in  price  between  maple  syrup  and  common  syrup  is  an 
incentive  to  adulteration,  and,  as  a  consequence,  glucose  has  formed 
the  chief  adulterant  of  this  article.  Wholesale  dealers  or  manufac- 
turers were,  as  a  rule,  the  parties  against  whom  complaints  were 
entered,  and  as  a  result  the  ratio  of  adulteration  has  been  dimin- 
ished more  than  one-half,  comparing  the  two  periods,  the  actual 
figures  being  42  per  cent,  for  the  first  period  and  16.8  for  the  second 
period. 

In  the  case  of  maple  sugar  the  adulterants  are  usually  some  of  the 
difierent  forms  of  cane  sugar,  with  which  maple  sugar  is  almost  iden- 
tical in  composition.  Hence  the  cheaper  forms  are  employed  as 
adulterants.  The  ratio  of  adulteration  of  this  article  also  was  dimin- 
ished more  than  one-half,  or  from  37  per  cent,  to  17.4  per  cent., 
comparing  the  two  periods. 

Honey.  —  The  whole  number  of  samples  of  this  article  examined 
was  716,  of  which  266  were  examined  in  the  first  period  and  450  in 
the  later.  The  ratio  of  adulteration  was  diminished  from  44  per 
cent,  to  20.2  per  cent.,  or  more  than  one-half.  The  methods  of 
deception  practised  were  many  and  in  some  cases  ingenious.  The 
use  of  beeswax  made  up  in  sheets  and  stamped  in  such  a  manner  as 
to  facilitate  the  deposit  made  by  the  bee  is  not  considered  an  adul- 
terant, since  it  is  made  of  beeswax  and  is  used  to  assist  the  bee 
and  save  time  in  comb  manufacture. 

The  chief  adulterant  of  honey  is  glucose.  Liquid  honey  put  up 
in  jars,  tumblers,  etc.,  is  more  liable  to  adulteration  than  that  which 
is  sold  in  the  comb. 

Confectionery. — The  term  "confectionery"  embraces  a  variety 
of  substances,  among  which  difi'erent  varieties  of  sugar  are  the  most 
prominent.     Starch,  chocolate,  fruit,  nuts,  flavoring  substances  and 
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coloring  matters  are  also  used,  so  that  a  standard  of  purity  would  be 
difficult  to  define.  Under  the  statutes,  chapter  171,  Acts  of  1886, 
confectionery  is  deemed  to  be  an  article  of  food  and  hence  amenable 
to  the  laws  relating  to  adulteration ;  but  the  lack  of  any  definite 
standard  of  this  article  makes  it  difficult  to  consider  any  ingredient 
as  an  adulterant  unless  it  is  an  actively  harmful  substance,  and  this 
is  practically  the  position  taken  by  the  American  Confectioners' 
Association. 

At  the  beginning  of  operations  under  the  food  acts,  in  1883, 
occasional  instances  of  the  use  of  poisonous  colors  in  confectionery 
occurred,  but  a  few  prosecutions  put  an  end  to  the  practice,  and  for 
the  past  few  years  no  cases  have  been  found.  The  whole  number 
of  samples  examined  in  the  two  periods  was  782  ;  and  the  ratio  of 
adulteration  was  reduced  from  18  per  cent,  to  2.4  per  cent. 

Canned  Food,  —  The  use  of  air-tight  receptacles,  either  of  glass 
or  metal,  for  the  preservation  of  certain  articles  of  food  has  several 
decided  advantages. 

1.  The  preservation  of  perishable  food  products  for  long  periods 
of  time. 

2.  The  possibility  of  furnishing  certain  foods  throughout  the  year 
which,  in  the  fresh  state,  are  limited  to  certain  seasons. 

3.  Convenience  of  transportation,  without  loss  or  injury,  from 
places  of  abundance  to  those  of  scarcity  or  even  of  famine.  Also 
for  use  at  sea  upon  long  voyages,  and  for  the  use  of  armies  in  the 
field. 

There  are  also  certain  disadvantages  in  connection  with  the  can- 
ning of  food,  especially  of  meat.  These  are  summarized  by  Dr.  J. 
Brown  in  the  Journal  of  the  Sanitary  Institute  as  follows:* — 

The  poison  is  probably  due  to  one  of  the  ptomaines,  which  are  of 
bacteriological  origin,  and  may  have  been  produced  :  — 

1.  Before  the  meat  was  canned. 

2.  After  cannino-. 

3.  After  being  opened. 

In  the  first,  the  toxic  properties  are  probably  rendered  inert  by 
the  steaming  process.  In  the  second,  the  can  is  usually  in  the  con- 
dition technically  known  as  "  blown,"  and  third,  after  being  opened, 
foods  are  rapidly  acted  upon  by  bacteria  which  form  toxines,  some 
of  which  are  more  dangerous  than  mineral  poisons. 

*  Vol.  19,  1898,  p.  61. 
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Another  source  of  dang-er  is  the  character  of  the  metal  in  which 
the  food  is  preserved,  and  also  of  the  solder  used  in  sealing  the  cans. 
Corrosion  of  the  inner  plated  surface  of  the  can  often  occurs,  the 
metal  being  dissolved  by  the  acid  contents  of  the  can.  The  metals 
thus  dissolved  are  chiefly  tin  and  lead,  each  of  which  is  harmful. 
The  twenty-sixth  report  of  the  Board  (p.  740)  contains  a  plate 
which  shows  the  effect  of  corrosion  upon  the  inner  plating  of  a  can 
which  contained  blueberries. 

The  German  law  forbids  the  importation  of  canned  foods  where 
the  tin  used  in  plating  contains  more  than  1  per  cent,  of  lead,  or 
more  than  10  per  cent,  in  the  solder. 

The  paper  referred  to  (Dr.  Brown's)  contains  a  list  of  twenty-five 
instances  in  which  about  100  persons  in  all  were  poisoned  by  the 
use  of  canned  meats,  fish  and  fruits.  All  these  cases  occurred  in 
England. 

The  ratio  of  adulteration  of  this  class  of  food  in  this  State  was  re- 
duced from  6Q  per  cent,  to  34.7,  comparing  the  two  periods. 

It  is  only  just  to  this  industry  to  state  that  the  excessive  per- 
centage of  the  early  period  is  accounted  for  by  the  fact  that  very 
many  of  the  samples  examined  in  the  early  period  were  those  of 
imported  French  vegetables,  colored  with  copper  sulphate,  and  those 
reported  in  the  later  period  as  adulterated  contained  variable  quan- 
tities of  tin  or  lead  in  the  contents  of  the  cans. 

A  law  was  enacted  in  1897  providing  that  canned  foods  should  be 
marked  so  as  to  indicate  their  quality  or  grade,  and  should  bear  the 
name  and  address  of  the  parties  who  packed  them.  The  same  law 
also  provided  that  all  canned  articles  prepared  from  dried  products 
should  be  plainly  marked  with  the  word  "  soaked."  A  scarcity  in 
the  pea  crop  in  1899  forced  into  the  market  a  considerable  quantity 
of  these  goods  illegally  marked.  A  few  prosecutions,  however, 
produced  a  marked  improvement  in  this  direction. 

Jellies  and  Jams.  —  Within  the  past  few  years  adulteration  has 
found  in  this  class  of  goods  a  fruitful  field  of  operation.  Not  many 
years  ago  the  principal  constituents  of  such  articles  were  chiefly 
fruit,  sugar  and  water,  but  the  tendency  to  cheapen  the  product  has 
led  to  the  introduction  of  glucose  instead  of  cane  sugar,  of  cheaper 
instead  of  the  more  expensive  fruits,  and  of  aniline  dyes  to  imitate 
the  color  of  genuine  fruits.  This  industry  has  largely  increased 
within  a  few  years  and  accounts  for  the  higher  percentage  of  adul- 
teration in  the  second  period  as  compared  with  the  first.     The  law 
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of  1897  (chapter  344)  applies  with  special  force  to  this  class  of  food, 
since  it  requires  that  they  shall  be  "  distinctly  labelled  as  mixtures 
or  compounds,  with  the  name  and  per  cent,  of  each  ingredient." 
Inspection,  however,  has  shown  that,  while  such  labels  have  been 
quite  generally  affixed  to  the  packages,  it  is  quite  common  to  find 
the  percentage  of  the  cheaper  ingredients  considerably  in  excess  of 
the  statement  printed  on  the  label. 

Drugs,  —  An  examination  of  the  figures  relating  to  the  inspection 
of  drugs  shows  an  increase  of  adulteration,  when  the  later  period  is 
compared  with  the  earlier.  The  difference,  however,  is  more  ap- 
parent than  real,  since  a  careful  retrospect  of  the  work  of  the  board 
in  this  direction  shows  that  in  the  earlier  years  of  operation  a  much 
greater  variety  of  articles  was  examined  than  at  present,  and  many 
of  these  were  not  subject  to  adulteration.  In  the  examinations  con- 
ducted in  1885,  for  example,  125  difierent  sorts  of  drugs  were  ex- 
amined, and  in  several  instances  all  the  samples  of  a  particular 
kind  were  found  to  conform  to  the  standard.  In  the  examinations 
made  in  1883,  all  the  samples  of  alcohol,  ether,  tartaric  acid,  cal- 
omel, borax,  several  salts  of  iron,  antimony,  silver,  morphia  and 
magnesia  conformed  to  the  pharmacopoeial  standard. 

In  the  analysis  of  192  samples  of  powdered  officinal  drugs  made 
in  that  year  only  39  specimens,  or  23  per  cent.,  were  found  to  be 
below  the  standard  requirement.  These  included  26  different  kinds 
of  powdered  drugs,  and  among  these  every  specimen  out  of  15  sorts 
proved  to  be  pure.  Hence,  in  later  years,  it  has  been  the  practice 
to  examine  chiefly  those  articles  which  are  known  to  be  subject  to 
adulteration,  and  in  the  work  of  1897  and  1898  about  50  different 
articles  only  were  selected  for  examination  ;  the  resulting  percent- 
age of  adulteration  of  the  whole  number  was,  therefore,  consider- 
ably greater  than  that  of  the  earlier  period. 

The  number  of  samples  of  drugs  examined  in  the  sixteen  years 
was  13,400.  The  ratio  of  adulteration  in  the  first  period  was  33 
per  cent,  and  that  of  the  later  period  was  40.3  per  cent.  The 
reasons  for  this  apparent  increase  have  been  explained. 

The  principal  articles  liable  to  adulteration  appear  to  be  the  fol- 
lowing :  spirits  of  nitrous  ether,  tincture  of  opium,  the  pharmaco- 
poeial wines  and  liquors,  distilled  water,  compound  spirits  of  ether, 
tincture  of  iodine,  olive  oil,  extract  of  liquorice,  chlorinated  lime, 
fluid  extract  of  ginger,  precipitated  sulphur,  powdered  jalap,  ipecac 
and  saffron. 
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Notices. 

{Jities  and  Toivns  to  which  Notices  were  sent  on  Account  of  Adulterated  Milk  in  1899. 


Attleborough, 2 

Natick, 1 

Barre, 

1 

New  Bedford, 

2 

Beverly,  . 
Boston,     . 

3 

8 

Newton,  . 
North  Adams, 

5 
1 

Cambridge, 

5 

North  Easton, 

1 

Canton,    . 
Chelsea,  . 
Dedham,  . 

1 
4 
2 

Peabody, . 
Quincy,    . 
Revere,    . 

1 

.      4 

3 

Everett,    . 

1 

Salem, 

8 

Fall  River, 

3 

Somerset, 

1 

Fitchburg, 

3 

Somerville, 

11 

Gloucester, 

5 

Stoughton, 

2 

Grafton,  . 

1 

Sudbury, . 

1 

Haverhill, 

3 

Wallham, 

3 

Hyde  Park, 

3 

Watertown, 

3 

Maiden,   . 

1 

Westford, 

1 

Manchester, 
Marlborough, 

1 
3 

Winthrop, 
Woburn,  . 

2 
3 

Medford, . 

1 

Milford,  . 

1 

Total,        .        .        .        .        .103 

Nantucket, 

3 

-Gities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Articles  of 

Food  other  than  Milk. 


AUston, 1 

Lawrence, 2 

Boston,     . 

24 

New  Bedford, . 

3 

Brookline, 

1 

Newton,  . 

2 

Cambridge, 

12 

Salisbury, 

1 

Chicopee  Falls, 

1 

Spencer,  . 

1 

Clinton,    . 

1 

Springfield, 

2 

Dedham,  . 

1 

Somerville, 

1 

Fall  River,       . 

.     11 

Fitch  burg. 

2 

Total, 68 

Franklin, 

2 

Cities  and  Towns  to  which  Notices  were 

sent  on  Account  of  Adulterated  Drugs. 

'Boston,     ......      6 

Spencer, 1 

Chicopee, 1 



Fitch  burg,        .....       1 

Total, 10 

Manstield, 1 
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Prosecutions. 

The  following  condensed  summary  is  presented  in  accordance 
with  the  custom  which  has  been  followed  in  the  reports  of  the  past 
seven  years. 

The  following  table  presents  the  same  figures,  with  the  addition 
of  the  data  relating  to  the  prosecutions  conducted  during  the  year 
ended  Sept.  30,  1899:  — 


Number  of  Complaints  entered  in  Court. 

Food 

Fines 

Year. 

(not  including 
Mills). 

Drugs. 

Milk. 

Total. 

Convictions. 

Imposed.. 

1883, 

5 

4 

9 

8 

_* 

1884, 

2 

1 

45 

48 

44 

z* 

1885,t 

50 

1 

68 

119 

103 

_* 

1886,t 

10 

- 

10 

20 

19 

_* 

1887, 

30 

— 

34 

64 

60 

_* 

1888, 

22 

- 

43 

65 

61 

$2,042  00 

1889, 

74 

- 

66 

140 

124 

3,889  00 

1890, 

78 

- 

24 

102 

96 

3,919  00 

1891, 

96 

5 

49 

150 

135 

2,668  00 

1892, 

52 

12 

72 

136 

123 

3,661  70 

1893, 

26 

3 

67 

96 

92 

2,476  00 

1894, 

14 

- 

76 

90 

77 

2,625  00 

1895, 

13 

11 

68 

92 

86 

2,895  30 

1896, 

7 

- 

68 

75 

74 

2,812  20 

1897, 

13 

1 

51 

65 

64 

2,756'  60 

1898, 

10 

- 

54 

64 

62 

2,060  98 

1899, 

19 

2 

26 

47 

45 

1,432  66 

Total 

s,      , 

• 

516 

41 

825 

1,382 

1,273 

$32,238  44 

*  No  record  kept.  f  To  May  1,  1886.  %  Four  months  only. 

Ratio  of  convictions  to  complaints,  92  per  cent. 

Note. —  All  complaints  entered  before  May  1,  1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 

The  number  of  prosecutions  made  against  ojSenders  during  the 
year  was  47,  and  the  number  of  convictions  45. 

Several  causes  have  contributed  to  the  reduction  in  the  number  of 
complaints  entered  in  court,  among  which  the  following  may  be 
named  :  — 

1.  The  action  of  the  statutes.  The  reduction  of  standards. 
Since   the    beginning   of  the  operations  of  the    Board    under   the 
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food  and  drug  acts,  in  1883,  several  statutes  have  been  enacted, 
providing  certain  changes  in  the  standards  of  articles  of  food. 
These  were  the  reduction  of  the  standard  of  vinegar  from  5  per 
cent,  to  4J  per  cent,  by  the  provisions  of  chapter  150  of  the  Acts  of 
1885,  and  the  reduction  of  the  standard  of  milk  from  13  to  12  in 
certain  months  by  chapters  318  of  the  Acts  of  1886,  398  of  1896, 
and  223  of  1899. 

By  the  provisions  of  chapter  425,  Acts  of  1894,  limitations  and 
restrictions  were  placed  upon  the  inspectors  with  reference  to  the 
manner  of  taking  samples  at  dairies  or  in  the  possession  of  pro- 
ducers. By  chapter  169  of  the  Acts  of  1899  it  was  further  pro- 
vided that  "analysis  of  the  sample  shall,  within  ten  days  of  the 
procurement  thereof,  be  sent  to  the  person  from  whom  the  sample 
was  obtained."  By  chapter  300  of  the  present  year  (1900)  addi- 
tional measures  are  provided  by  which  the  amount  of  the  fine  for 
selling  milk  "not  of  good  standard  quality  is  in  certain  cases  placed 
at  the  discretion  of  the  court." 

2.  The  food  and  drug  statutes  were  enacted  for  the  protection  of 
the  community,  not  only  for  the  consumers,  who  constitute  the  en- 
tire population,  but  for  the  producers,  manufacturers,  wholesalers 
and  retailers,  who  supply  the  consumers  either  directly  or  indirectly. 
The  effect  of  a  thoroughly  enforced  system  of  inspection  is  to  protect 
all.  In  the  course  of  such  inspection  it  is  only  practicable  to  secure 
the  best  results  by  obtaining  the  different  samples  of  food  and  dru^s 
in  the  same  manner  as  they  are  obtained  by  the  consumers,  and  for 
this  purpose  an  inspector  must  be  unknown  to  the  vendor  in  a 
majority  of  cases,  otherwise  he  is  liable  to  obtain  only  such  articles 
as  the  vendor  knows  to  be  absolutely  pure.  Fortunately,  fair  deal- 
ing and  honesty  are  characteristic  of  the  majority  of  dealers ;  but 
the  law  is  intended  for  the  protection  of  the  community  against  the 
minor  portion,  which  is  constantly  endeavoring  to  devise  new  forms 
of  fraud  and  deception.  Hence  the  fact,  that  a  corps  of  inspectors 
constantly  moving  about  among  the  retailers  for  the  purpose  of  se- 
curing compliance  with  the  statutes  becomes  yearly  more  and  more 
known  as  inspectors,  and  the  difficulty  of  obtaining  samples  of  food 
which  are  adulterated  or  below  the  standard  increases. 

3.  Growth  of  local  inspection.  For  nearly  forty  years  a  law  has 
existed  providing  for  the  inspection  of  certain  articles  of  food  in 
cities  and  towns.  The  law  required  the  appointment  of  inspectors 
in  every  city  but  made  such  appointment  permissive  in  the  towns. 


594  STATE   BOAED   OF   HEALTH.  [Pub.  Doc. 

This  law  was  practically  inoperative,  however,  during  the  first 
twenty  years  of  its  existence  as  a  statute.  Nothing  worthy  of  the 
name  of  inspection  had  been  done  in  any  city.  Inspectors  had  been 
appointed,  licenses  were  issued  to  milkmen,  and  occasional  samples 
of  milk  were  examined  by  means  of  the  unreliable  lactometer  ;  but 
thorough  milk  analysis  was  not  conducted  until  the  work  of  the 
State  Board  of  Health  in  1883  and  1884  showed  the  need  of  a  better 
state  of  afiairs. 

Efficient  inspection  of  milk  requires  the  employment  of  a  chemist 
and  the  possession  of  a  well-equipped  laboratory  for  the  proper  per- 
formance of  his  work.  Such  inspection  has  been  thoroughly  carried 
out  for  fifteen  years  or  more  in  Boston,  and  was  followed  by  its  in- 
troduction in  Cambridge,  Lowell,  Maiden  and  other  cities,  and  in 
some  of  the  large  towns.  For  this  reason  the  inspection  of  milk,  as 
conducted  at  first  by  the  State  Board  of  Health  in  the  cities  and 
towns,  has  been  diminished,  but  has  given  place  to  another  line  of 
work,  which  has  been  necessitated  by  the  fact  that  the  work  of  a 
local  inspector  is  limited  by  the  boundaries  of  his  city  or  town,  while 
the  milk  furnished  to  the  people  of  such  places  is  mostly  produced 
outside  of  the  limits  of  the  cities  or  towns,  and,  contrary  to  the 
popular  notion,  a  very  large  share  of  the  milk  adulteration  is  con- 
ducted before  the  milk  reaches  the  city  limits.  Hence  the  State 
authority  is  called  upon  to  ascertain  the  source  of  adulteration,  since 
no  authority  is  given  to  the  local  inspector  to  act  beyond  his  own 
jurisdiction. 

4.  Another  cause  contributing  to  the  decrease  in  the  number  of 
prosecutions  consists  in  the  constant  endeavor  of  the  Board  to  reach 
the  guilty  party  in  each  case  of  adulteration.  A  system  of  notifica- 
tion or  warning,  described  in  previous  reports,  has  been  devised  for 
the  purpose  of  giving  the  retailer  information  as  to  the  quality  of 
articles  obtained  from  him,  and  found  to  be  below  the  standard  of 
purity.  In  the  majority  of  instances  the  only  safeguard  which  the 
retailer  possesses  with  reference  to  the  goods  which  he  sells  is  the 
established  character  or  reputation  of  the  wholesaler  from  whom  he 
obtains  them. 

A  considerable  proportion  of  the  food  supply  of  Massachusetts, 
including  many  important  and  staple  articles,  is  produced  outside 
the  State,  since  Massachusetts  is  a  manufacturing  and  not  a  food- 
producing  State.  Hence  in  many  instances  it  has  been  found  im- 
possible to  convict  the  responsible  food  producer  or  manufacturer, 
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his  place  of  business  being  outside  the  limits  of  the  State.  It  was, 
therefore,  found  expedient  to  publish  his  name  or  that  of  the  firm 
in  the  bulletins  of  the  Board,  a  method  which  has  usually  been  pro- 
ductive of  good  results. 

5.  The  existence  of  an  actual  improvement  in  the  condition  of  the 
markets  with  reference  to  food  adulteration.  The  figures  already 
presented  on  page  581  show  very  clearly  that  the  operations  of  the 
Board  have  secured  a  decidedly  improved  condition  in  the  majority 
of  articles  of  the  food  supply  which  were  liable  to  adulteration. 

During  the  first  years  of  work  under  the  food  and  drug  acts  con- 
victions were  easily  obtained  because  adulteration  had,  up  to  1883, 
been  untrammelled  by  legislation  ;  but  after  several  years  the  eflTect 
of  well-enforced  statutes  became  generally  known,  adulteration  was 
largely  held  in  check,  and  prosecutions  naturally  diminished  in 
number. 

The  following  report  was  sent  to  the  Legislature  March  2,  1900  :  — 

Office  of  the  State  Board  of  Health, 

State  House,  Boston,  March  2,  1900. 

To  the  Honorable  Senate  and  Rou^e  of  Represejttatives  of  the  Gommonwealth  of 
Massachusetts  in  Oeneral'Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions 
of  chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State 
Board  of  Health  to  "  report  annually  to  the  Legislature  the  number 
of  prosecutions  made  under  chapter  263  of  the  Acts  of  1882,  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  pro- 
visions thereof." 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  ofienders,  under  the  provisions  of  the  food  and  drug  acts, 
for  the  year  ending  Sept.  30,  1899,  was  47. 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in 
respect  to  which  complaints  were  entered  in  court,  the  character  of 
the  articles  found  to  be  adulterated,  or  fraudulently  sold,  the  dates 
of  the  trials,  and  their  results,  are  presented  in  the  following  table  :  — 

Milk  and  Milk  Products. 


For  Fraudulent  Sales 

of 

Milk. 

Place. 

Date. 

Result. 

Cambridj^e,  . 

May     22,  1899, 

.     Convicted, 

Somerville,  . 

May      22,  1899, 

» 

Somerville,  . 

May^     22,  1899, 

. 

t( 

Somerville,  . 

Sept.     28,  1899, 

. 

. 

596 


STATE   BOARD    OF   HEALTH.         [Pub.  Doc. 


For  Fraudulent  Sales  of  Milk  —  Concluded 

Place. 

Date.                                                                  Result. 

Chelsea,        ....        Oct. 

29,  1898,        ....     Convicted. 

Gloucester,   . 

Jan. 

27,  1899, 

" 

Gloucester,   . 

Aug. 

2,  1899, 

tc 

Taunton, 

Jan. 

31,  1899, 

(( 

Medford, 

March  21,  1899, 

(( 

Woburn, 

Sept. 

7,  1899, 

Discharged. 

Ashland, 

Oct. 

29,  1898, 

Convicted, 

Ashby,  . 

Oct. 

24,  1898, 

" 

Marblehead, 

Jan. 

27,  1899, 

C( 

Marblehead, 

Aug. 

11,  1899, 

l( 

Dedham, 

Aug. 

13, 1899, 

(t 

Swampscott, 

Aug. 

30,  1899, 

» 

Southborough, 

June 

14,  1899, 

11 

Rockport, 

July 

31,  1899, 

11 

Rockport, 

July 

31,  1899, 

(I 

Weston, 

Aug. 

3,  1899, 

tc 

Manchester, 

Aug. 

5,  1899, 

((. 

Littleton, 

Aug. 

18,  1899, 

" 

Littleton, 

Aug. 

18,  1899, 

" 

Dover,  . 

Aug. 

25,  1899, 

" 

Hopkinton, 

Sept. 

12,  1899, 

(« 

Grafton, 

Sept. 

12,  1899, 

It 

Butter. 

Chieopee,*    ....        May 

11,  1899,        ....    Convicted. 

Molasses. 

Fall  River,    ....        Dec. 

20, 1898,        ....    Convicted. 

Boston, 

, 

May 

16, 1899, 

(( 

Boston, 

, 

May 

23,  1899, 

.    Discharged. 

Boston, 

, 

Sept. 

20,  1899, 

.     Convicted. 

Boston, 

, 

Sept. 

21,  1899, 

(( 

New  Bedford, 

Aug. 

10,  1899, 

,             " 

Pepper. 

North  Adams,       .        .        .        Feb. 

23,  1899,        ....     Convicted. 

Chelsea,        ....        Feb. 

8,  1899,        .... 

Boston,          ....        March  11,  1899 

Cloves. 

North  Adams,       .        .        .        Feb. 

23,  1899,        .        .        .        .    Convicted. 

Allspice. 

North  Adams,       .        .        .        Feb. 

23,  1899,        ....     Convicted. 

*  The  complaints  against  this  man  contained  six  charges,  two  each  for  selling  oleo  colored  as 
butter,  for  not  marking  package  and  for  selling  as  butter  under  Acts  of  1891. 
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Place. 

Boston, 


Mustard. 

Date. 

March  11,  1899, 


Rbsdlt. 

.    Convicted. 


Fall  River,   . 
Chelsea, 


Coffee. 
Dec.        6,  1898, 
Dec.     31,  1898, 


.    Convicted. 


Fall  River,    . 
Boston, 


Maple  Syrup, 
Dec.  20,  1898, 
March  14,  1899, 


.     Convicted, 


Maiden, 
Watertown,  . 


Maple  Sugar. 
March  24,  1899, 
March  28,  1899, 


.    Convicted. 


Boston, 
Boston, 


Drugs. 
Tincture  of  Opium. 

April    12,  1899,        ....    Convicted. 
April    12,  1899,        .... 


Complaints  entered  in  court  under  the  provisions  of  acts  relating 


to 


Milk, 26 

Butter, 1 

Other  articles  of  food, 18 

Drugs .2 

Total, 47 


Summary. 

The  whole  number  of  complaints  entered  by  the  State  Board  of 
Health  during  the  year  ending  Sept.  30,  1899,  in  the  courts  of  the 
Commonwealth,  against  parties  for  violation  of  the  statutes  re- 
lating to  food  and  drug  inspection,  was  47.  In  45,  or  95.7  per 
cent,  of  these,  the  parties  were  convicted ;  2  were  discharged. 

Of  the  whole  number,  27  were  for  violation  of  the  statutes  relat- 
ing to  the  adulteration  of  milk  and  milk  products,  and  of  this  num- 
ber 26  resulted  in  conviction.  The  greater  number  of  these  were 
for  violation  of  the  statutes  providing  that  milk  offered  for  sale  shall 
be  of  good  standard  quality.  In  3  of  the  foregoing  cases  the  com- 
plaints were  for  sales  of  milk  containing  coloring  matter. 
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Attention  is  respectfully  called  to  the  provisions  of  section  23 
of  chapter  397  of  the  Acts  of  1896,  by  which  the  people  are  now 
deprived  of  the  legal  protection  which  they  enjoyed  under  the 
poison  act  of  1888  against  the  harmful  action  of  poisonous  patent 
medicines. 

All  of  the  parties  except  one  against  whom  complaints  were 
entered  in  the  courts  for  fraudulent  sales  of  other  kinds  of  food 
were  convicted.  The  articles  of  food  and  drugs  with  reference  to 
which  these  complaints  were  made  were  as  follows  :  — 

Molasses,  6  cases  ;  pepper,  3  cases  ;  coffee,  2  cases ;  cloves,  all- 
spice and  mustard,  1  each  ;  maple  syrup,  2  cases ;  maple  sugar, 
2  cases  ;  tincture  of  opium,  2  cases. 

Since  there  still  appears  to  be  considerable  doubt  on  the  part  of 
retailers  and  others  with  reference  to  the  provisions  of  the  act  of 
1897  relative  to  food  adulteration,  the  act  is  herewith  published  for 
general  information  :  — 

[Acts  or  1897,  Chapter  344.] 
An  Act  relative  to  the  Adulteration  op  Food. 

Section  1.  No  person  shall  within  this  Commonwealth  manufacture  for 
sale,  offer  for  sale,  or  sell  any  article  of  food  which  is  adulterated  within 
the  meaning  of  this  act. 

Section  2.  The  term  "  food  "  as  used  herein,  shall  include  all  articles 
used  in  food  or  drink  by  man,  whether  simple,  mixed  or  compound. 

Section  3.  An  article  shall  be  deemed  to  be  adulterated  within  the 
meaning  of  this  act  in  the  case  of  food:  —  1.  If  any  substance  or  sub- 
stances have  been  mixed  with  it,  so  as  to  lower  or  depreciate  or  injuriously 
affect  its  quality,  strength  or  purity.  2.  If  any  inferior  or  cheaper  sub- 
stance or  substances  have  been  substituted  wholly  or  in  part  for  it.  3.  If 
any  valuable  or  necessary  constituents  or  ingredient  have  been  wholly  or 
in  part  taken  from  it.  4.  If  it  is  in  imitation  of  or  is  sold  under  the  name 
of  another  article.  5.  If  it  consists  wholly  or  in  part  of  a  diseased,  de- 
composed, putrid,  tainted  or  rotten  animal  or  vegetable  substance  or  arti- 
cle, whether  manufactured  or  not,  or,  in  the  case  of  milk,  if  it  is  produced 
from  a  diseased  animal.  6.  If  it  is  colored,  coated,  polished  or  powdered 
in  such  a  manner  as  to  conceal  its  damaged  or  inferior  condition,  or  if  by  any 
means  it  is  made  to  appear  better,  or  of  greater  value,  than  it  really  is. 
7.  If  it  contains  any  added  substance  or  ingredient  which  is  poisonous  or 
injurious  to  health  :  provided,  that  the  provisions  of  this  act  shall  not  apply 
to  mixtures  or  compounds  recognized  as  ordinary  articles  or  ingredients  of 
articles  of  food,  if  every  package  sold  or  offered  for  sale  is  distinctly  la- 
belled as  a  mixture  or  compound,  with  the  name  and  per  cent,  of  each  ingre- 
dient therein,  and  if  such  mixtures  or  compounds  are  not  injurious  to  health. 
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Section  4.  No  person  shall  offer  for  sale  any  canned  articles  of  food 
after  the  first  day  of  January  in  the  year  eighteen  hundred  and  ninety- 
eight,  except  goods  packed  prior  to  the  passage  of  this  act,  unless  sucb 
articles  bear  a  mark  to  indicate  the  grade  or  quality  thereof,  together  with 
the  name  and  address  of  the  person,  firm  or  corporation  which  packed  the 
same,  or  of*  the  dealer  who  sells  the  same. 

Section  5.  All  canned  articles  of  food  prepared  from  dried  products 
which  have  been  soaked  before  canning  shall  be  plainly  marked  by  an  ad- 
hesive label,  having  on  its  face  the  word  "  soaked,"  in  letters  not  less  in 
size  than  two  line  pica,  of  legible  type ;  and  all  cans,  jugs  and  other  pack- 
ages containing  maple  syrup  or  molasses  shall  be  plainly  marked  by  an 
adhesive  label,  having  on  its  face  the  name  and  address  of  the  person,  firm 
or  corporation  which  made  or  prepared  the  same,  together  with  the  name 
and  quality  of  the  ingredients  of  the  goods,  in  letters  of  the  size  and  de- 
scription above-specified. 

Section  6.  Any  person,  firm  or  corporation  falsely  stamping  or  label- 
ling any  cans,  jars  or  other  packages,  containing  fruit,  or  food  of  any  kind, 
or  knowingly  permitting  such  false  stamping  or  labelling,  and  any  person, 
firm  or  corporation  violating  any  of  the  provisions  of  this  act,  shall  be 
deemed  guilty  of  a  misdemeanor,  and  shall  be  punished  by  a  fine  of  not 
less  than  ten  dollars  nor  more  than  one  hundred  dollars  in  the  case  of 
vendors,  and  in  the  case  of  manufacturers  and  those  falsely  or  fraudulently 
stamping  or  labelling  such  cans,  jars  or  other  packages,  by  a  fine  of  not 
less  than  one  hundred  dollars  nor  more  than  five  hundred  dollars. 

Section  7.  All  acts  and  parts  of  acts  inconsistent  herewith  are  hereby 
repealed. 

Frequent  inquiry  having  been  made  relative  to  the  meaning  of  the 
term  "two-line  Pica"  of  legible  type,  as  employed  in  this  statute, 
the  following  line  is  presented  as  a  sample  :  — 

TWO  LINE  PICA. 

The  following  statute,  as  amended  in  1899  (by  chapter  223  of  the 
Acts  of  that  year) ,  presents  the  standard  of  milk  in  Massachusetts  at 
the  date  of  publishing  this  report :  — 

[Acts  of  1899,  Chapter  223.] 
In  all  prosecutions  under  this  chapter,  if  the  milk  is  shown  upon  analysis 
to  contain  less  than  thirteen  per  cent,  of  milk  solids,  or  to  contain  less  than 
nine  and  three-tenths  per  cent,  of  milk  solids  exclusive  of  fat,  or  to  con- 
tain less  than  three  and  seven-tenths  per  cent,  of  fat,  it  shall  be  deemed 
for  the  purposes"  of  this  act  to  be  not  of  good  standard  quality,  except  dur- 
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ing  the  months  of  April,  May,  June,  July,  August  and  September,  when 
milk  containing  less  than  twelve  per  cent,  of  milk  solids,  or  less  than  nine 
per  cent,  of  milk  solids  exclusive  of  fat,  or  less  than  three  per  cent,  of  fat, 
shall  be  deemed  to  be  not  of  good  standard  quality. 

The  whole  number  of  samples  of  food  and  drugs  examined  in  this 
department  since  the  beginning  of  work  in  1883  was  107,393,  and 
the  number  of  complaints  entered  in  court  was  1,382.  The  average 
cost  per  sample  for  collection,  analysis  and  other  work  has  been 
reduced  from  $2.26  in  1883  to  $1.14  in  1899. 

The  following  list  presents  the  total  solids  in  each  of  the  samples 
of  milk  upon  which  complaints  were  founded,  so  far  as  records  of 
the  same  were  kept :  — 


8.75 

10.30 

11.33 

8.98 

10.67 

11.35 

9.13 

10.72 

11.46 

9.49 

10.98 

11.58 

9.76 

11.26 

11.63 

10.13 

11.26 

11.72 

10.22 

11.30 

11.80 

The  total  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  as  follows  :  — 

Milk 6,186 

Other  articles  of  food, 3,069 

Drugs, 547 

Total, 9,802 

Total  expenses  of  collection,  examination  and  prosecution,     .        .         $11,25183 
Average  expense  per  sample  collected, 1  14 

Fines. 
The  amount  of  fines  paid  into  the  treasuries  of  counties,  cities 
and  towns  under  the  provisions  of  the  general  and  special  laws  rela- 
tive to  the  inspection  of  food  and  drugs  was  as  follows  :  — 

Fines  paid  for  Violation  of  the  Food  and  Drug  Acts  upon  Cases  entered  for  the 

Year  ending  Sept.  30, 1899. 
Under  the  provisions  of  the  laws  relating  to  milk  and  milk  prod- 
ucts,              $995  46 

Under  the  provisions  of  the  laws  relating  to  other  articles  of  food,     .  397  20 

Under  the  provisions  of  the  laws  relating  to  drugs,      ....  40  00 

Total,         .        .         .* $1,432  66 
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The  total  amount  of  fines  imposed  since  the  beginning  of  the 
enforcement  of  the  general  food  acts  to  Sept.  30,  1899,  was 
$33,238.44. 

Expenditures 

Under  the  Provisions  of  the  Food  and  Drug  Acts  during  the  Tear  ending  Sept.  30, 

1899. 


Fob  the  Enfokcement  of  the  Statutes 

RELATING  TO  FOOD   AND  DbDG 

Inspection. 


Relative  to  Milk 
and  Millc  Products. 


Relative  to  Other 

Kinds  of  Food  and 

Drugs. 


Salaries  of  analysts, 

Salaries  of  inspectors,    . 

Travelling  expenses  and  purchase  of  sampl 

Apparatus  and  chemicals, 

Printing,         .... 

Special  investigation,     . 

Extra  services  for  inspection. 

Services  (cleaning  laboratory), 

Express,         .... 

Telegram,      .... 

Case  for  samples,  . 

Sundry  laboratory  supplies,  . 


Total, 


es, 


$2,300  00 

2,500  00 

1,203  50 

672  50 

16  97 

27  00 

73  20 

1  25 

7  50 
5  00 

16,806  92 


$1,575  48 

1,550  00 

600  00 

449  22 

4  70 

60  00 

161  00 

48  80 

30 

42 

4  99 

$4,444  91 
6,806  92 

$11,251  83 
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EEPOET  OF  THE  ANALYST. 


Dr.  S.  W.  Abbott,  Secretary  of  State  Board  of  Health. 

Dear  Sir  :  —  I  herewith  submit  my  report  on  the  analysis  of 
food  and  drugs  for  the  year  ending  Sept.  30,  1899. 

So  many  inquiries  have  been  received  as  to  the  analytical  methods 
employed  in  the  laboratory  that  it  has  been  thought  best  to  briefly 
outline,  or  at  least  indicate  in  many  cases  under  the  proper  head- 
ings, the  principal  methods  employed,  especially  where  experience 
has  shown  a  particular  line  of  procedure  to  be  best  adapted  to  the 
case  in  hand.  It  has  been  found  to  be  a  matter  of  some  comment 
that  such  a  large  number  of  samples  as  our  statistics  show  (nearly 
10,000)  are  examined  by  the  comparatively  small  working  force 
employed.  This  is  rendered  possible  by  the  fact  that  in  most  cases 
only  those  samples  found  to  be  adulterated  are  examined  in  detail, 
so  that  for  economy  in  time  it  becomes  necessary  to  employ  quick 
processes  for  separating  the  good  from  the  poor,  attention  being 
chiefly  paid  to  the  adulterated  samples. 

When  it  is  remembered  that  only  about  25  per  cent,  of  the  sam- 
ples of  food  and  drugs  brought  in  for  examination  are  actually 
adulterated,  it  will  be  seen  that  the  task  is  not  an  extraordinary 
one.  It  is,  moreover,  an  obvious  advantage  to  restrict  the  number 
of  those  handling  the  samples  for  analysis  in  order  to  avoid  unneces- 
sary complication  in  cases  of  prosecutions  in  the  courts. 

Milk. 

Methods.  —  All  the  samples  of  milk  brought  in  by  the  collectors 
are  examined  for  total  solids,  and  those  standing  below  12  per  cent, 
are  further  tested  for  fat.  For  the  total  solids  5  grammes  of  each 
sample  are  evaporated  in  a  platinum  dish  for  at  least  two  hours  in 
direct  contact  with  the  live  steam  of  a  boiling  water  bath.  The  fat 
is  obtained  by  the  well-known  Babcock  process. 
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Tests  for  artificial  coloring  matter  were  given  in  full  in  the  analyst's 
report  of  last  year,*  but  the  following  is  a  summarized  method  of  pro- 
cedure :  — 

Summary  of  Scheme  for  Color  Analysis.^ 

[Curdle  150  cubic  centimeters  of  milk  in  casBerole  with  heat  and  acetic  acid.  Gather  curd  in  one  mass. 
Pour  off  whey,  or  strain  if  curd  is  finely  divided.  Macerate  curd  with  ether  in  corked  flask.  Pour 
off  ether.] 


Ether  Extract. 


Extracted  Curd. 


Evaporate  off  ether,  treat  residue  with  sodium 
hydroxide  and  pour  on  wetted  tilter.  After  the 
solution  has  passed  through,  wash  off  fat  and  dry 
filter,  which  if  colored  orange  indicates  presence 
of  annaito. 

(Confirm  by  stannous  chloride.) 


(1)  If  colorless.  —  Indicates  presence  of  no 
foreign  color  other  than  in  ether  extract. 

(2)  If  orange  or  brownish.  —  Indicates  presence 
of  aniline  orange  or  caramel.  Shake  curd  in  test 
tube  with  concentrated  hydrochloric  acid. 


If  solution  gradually 
turns  blue;  indicative 
of  caramel. 

(Confirm  by  testing 
for  caramel  in  whey  of 
original  milk.) 


If  orange  curd  imme- 
diately turns  pink,  indi- 
cative of  aniline  orange. 


For  preservatives,  formaldehyde  is  best  tested  for  by  heating  about 
10  cubic  centimeters  of  the  milk  with  an  equal  quantity  of  concen- 
trated hydrochloric  acid  and  a  drop  of  ferric  chloride.  A  violet 
coloration  is  produced  if  formaldehyde  be  present,  delicate  to  one 
part  formaldehyde  in  100,000. 

Boracic  acid  is  tested  for  by  soaking  turmeric  paper  in  a  solution 
of  the  milk  ash,  acidified  slightly  with  hydrochloric  acid.  On  dry- 
ing the  turmeric  paper,  a  cherry  red  color  indicates  the  presence 
of  boracic  acid. 

The  presence  of  carbonate  of  soda  is  shown  by  an  effervescence  on 
treating  the  ash  with  acid,  and  may  further  be  tested  for  by  the 
well-known  rosolic  acid  test. 

Another  month,  viz.,  September,  has  been  added  to  those  in  which 
the  12  per  cent,  standard  prevails,  so  that  under  the  present  law  the 
legal  standard  for  milk  solids  is  13  per  cent,  from  October  to  March 
inclusive,  and  12  per  cent,  from  April  to  September  inclusive. 
Another  drop  in  the  percentage  of  adulteration  of  milk  for  the  year 
is  shown,  viz.,  from  31.1  per  cent.,  the  ratio  of  adulteration  in  1898, 
to  27.2  per  cent,  for  the  year  herein  reported. 

The  accompanying  diagram  shows  the  variation  in  percentage  of 
adulterated  samples  of  milk  examined  during  the  seventeen  years 
in  which  the  milk  laws  have  been  enforced  in  Massachusetts,  begin- 
nino;  with  1883. 


*  Thirtieth  annual  report  State  Board  of  Health,  p.  697. 
t  Leach.  Jour.  Am.  Chem.  Soc,  Vol.  XXII.,  p.  207. 
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There  are  many  reasons  for  the  variations  in  this  curve  aside  from 
the  actual  variation  in  the  quality  of  the  milk.  The  falliog  off  in 
the  percentage  of  adulteration  during  the  last  three  years,  for  ex- 
ample, may  not  be  due  to  any  actual  improvement  in  the  quality  of 
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Fig.  1.    Showing  Variation  in  Milk  Adulteration  from  Year  to  Year. 


the  milk  of  those  years,  but  to  the  fact  that  the  Legislature  reduced 
the  standard  in  1897  by  1  per  cent,  for  three  additional  months,  and 
again  in  1899  for  still  another  month. 

Another  cause  for  the  fluctuation  of  the  adulteration  of  milk  in  the 
samples  examined  from  year  to  year,  as  evidenced  by  the  eccentrici- 
ties of  the  line  in  the  diagram,  is  that  in  some  years  a  large  number 
of  samples  of  milk  of  known  purity  have  been  taken,  which  would, 
of  course,  bring  down  the  ratio  of  adulteration  perceptibly.  This 
is  noticeable  in  1886.  On  the  other  hand,  as  in  1893,  1894  and 
1895,  an  unusually  large  number  of  samples  were  brought  in  from 
suspected  producers,  thus  causing  the  percentage  of  adulteration  to 
increase.  It  is  true,  however,  that  the  quality  of  the  milk  actually 
produced  has  deteriorated  somewhat  during  the  last  decade  by  the 
increase  in  the  number  of  liolstein  cows.  Indeed,  at  the  present 
time  the  Holstein  is  by  far  the  most  common  cow  to  be  found  in  the 
producer's  herd  in  Massachusetts.  That  the  Holstein  is  the  favorite 
is  by  no  means  strange,  for  it  would  seem  to  be  true  that  no  other 
breed  of  cow  can,  with  moderate  feeding,  be  made  to  give  so  large 


608 


STATE   BOAED    OF   HEALTH.  [Pub.  Doc. 


a  quantity  of  milk.  For  this  reason  it  is  true  that  the  average 
Holstein  herd  is  apt  to  give  milk  somewhat  below  the  standard  in 
total  solids.  The  best  authorities,  however,  claim  that  by  proper 
attention  to  the  feeding  the  quality  of  the  Holstein  milk  can  be 
sufficiently  improved  to  bring  it  well  above  the  standard,  but  as 
this  result  is  accomplished  at  the  expense  of  the  quantity,  it  is  not 
an  experiment  that  the  average  producer  cares  to  try. 

The  following  tables  show  the  number  and  quality  of  milk  samples 
collected  from  various  localities  throughout  the  State  :  — 


Milk  from  Cities. 


Cities. 

Total 
Samples 
Collected. 

Above 
Standard. 

Below 
Standard. 

Per  Cent. 

below 
Standard. 

Total 
Solids  in 
Lowest 
Sample. 

Number 

of 
Skimmed 
Samples. 

Number 

of 
Colored 
Samples. 

Number 

of 
Preserved 
Samples. 

BOBtOD,    . 

431 

329 

102 

23.6 

10.73 

6 

- 

- 

Brockton, 

163 

108 

55 

33.7 

10.05 

- 

- 

- 

Cambridge, 

401 

286 

115 

28.7 

9.67 

1 

1 

3 

Chelsea, 

265 

178 

87 

32.8 

10.85 

- 

- 

- 

Everett, . 

87 

50 

37 

42.6 

11.21 

- 

- 

7 

Fall  River, 

240 

174 

66 

27.5 

9.98 

- 

- 

4 

Fitchbnrg, 

104 

72 

32 

30.8 

10.85 

6 

- 

- 

Gloucester, 

195 

143 

52 

26.7 

9.49 

- 

- 

- 

Haverhill, 

148 

110 

38 

25.7 

10.03 

- 

- 

- 

Lawrence, 

138 

110 

28 

20.3 

11.83 

6 

- 

2 

Lowell,  . 

15 

6 

9 

60.0 

11.05 

- 

- 

- 

Maiden, . 

1T2 

117 

65 

31.9 

10.60 

- 

- 

- 

Marlborough, 

40 

34 

6 

16.0 

11.80 

2 

- 

Mtdford, 

208 

166 

42 

20.2 

8.75 

- 

- 

3 

New  Bedford, 

30 

22 

8 

26.7 

9.45 

- 

- 

- 

Newburyport, 

52 

43 

9 

17.3 

12.17 

1 

- 

- 

Newton, 

190 

157 

33 

16.8 

11.70 

2 

- 

4 

North  Adams, 

52 

38 

14 

26.9 

10.03 

2 

- 

2 

Qulncy,  . 

104 

75 

29 

27.9 

11.04 

3 

- 

- 

Salem,    . 

147 

118 

29 

19.7 

9.40 

- 

2 

4 

Somerville, 

576 

342 

234 

40.6 

9.55 

- 

18 

25 

Springfield, 

15 

13 

2 

13.3 

11.26 

- 

- 

1 

Taunton, 

66 

56 

10 

15.1 

11.58 

3 

- 

- 

Waltham, 

115 

81 

34 

29.5 

10.50 

- 

- 

- 

Woburn, 

122 

79 

43 

35.2 

10.96 

- 

- 

- 

Worcester, 

100 

68 

32 

32.0 

12.00 

- 

- 

- 

Totals, 

4,176 

2,975 

1,201 

28.7 

8.75 

31 

21 

55 
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Milk  from  Towns. 


TO-WNS. 

Total 
Samples 
Collected. 

Above 
Standard. 

Below 
Standard. 

Per  Cent. 

below 
Standard. 

Total 
Solids  in 
Lowest 
Sample. 

Number 

of 
Skimmed 
ISamples. 

Number 

of 
Colored 
Samples. 

Number 

of 
Preserved 

Samples. 

Amesbury,    . 

11 

10 

1 

9.1 

11.43 

- 

- 

- 

AmberBt, 

20 

12 

8 

40.0 

11.68 

- 

- 

- 

Attleborough, 

76 

64 

12 

15.8 

9.59 

- 

- 

1 

Beverly, 

59 

38 

21 

35.6 

11.20 

- 

- 

3 

Brookline, 

158 

132 

26 

16.5 

11.90 

1 

- 

3 

Canton,  . 

40 

S3 

7 

17.5 

11.12 

- 

- 

- 

Clinton, . 

17 

12 

5 

29.4 

12.64 

4 

- 

- 

Cottage  City, 

19 

19 

- 

0.0 

12.15 

- 

- 

- 

Dedham, 

99 

74 

25 

25.2 

10.30 

- 

- 

1 

Easton,  . 

7 

6 

1 

14.3 

11.76 

- 

- 

- 

Fratningham, 

27 

24 

3 

11.1 

12.04 

- 

- 

- 

Hyde  Park,   . 

123 

90 

33 

26.8 

10.12 

- 

- 

3 

Hull,      . 

19 

17 

2 

10.5 

11.42 

- 

- 

- 

Manchester,  . 

27 

22 

5 

18.5 

10.67 

- 

- 

- 

Marblehead,  . 

15 

11 

4 

26.7 

10.22 

- 

- 

- 

Milford, 

45 

42 

3 

6.7 

11.99 

1 

- 

- 

Nantucket,    . 

28 

23 

5 

17.9 

11.05 

- 

- 

- 

Natick,  . 

64 

58 

6 

9.1 

11.60 

- 

- 

- 

Peabody, 

9 

2 

7 

77.8 

11.12 

- 

- 

- 

Plymouth,      . 

18 

18 

0.0 

12.40 

- 

- 

- 

Provincetown, 

9 

9 

- 

0.0 

12.58 

- 

- 

- 

Revere,  . 

101 

72 

29 

28.7 

10.59 

- 

- 

- 

Rockland, 

14 

13 

1 

7.1 

11.93 

- 

- 

- 

Rockport, 

15 

9 

6 

12.0 

9.13 

- 

2 

- 

Salisbury, 

16 

15 

1 

6.2 

11.73 

- 

- 

- 

Stoneham, 

57 

50 

7 

12.3 

12.66 

13 

- 

- 

Stoughton,     . 

83 

59 

24 

28.9 

9.45 

- 

- 

- 

Swampscott, 

10 

9 

1 

10.0 

11.60 

- 

- 

Wareham, 

20 

18 

2 

10.0 

10.53 

- 

- 

2 

Watertown,  . 

82 

61 

21 

25.6 

10.27 

1 

- 

- 

Westborough, 

32 

29 

3 

9.4 

11.63 

3 

- 

- 

Whitman, 

18 

17 

1 

5.6 

11.15 

- 

- 

- 

Winchester,  • 

59 

49 

10 

16.9 

12.13 

- 

- 

- 

Winthrop, 

106 

77 

29 

27.3 

11.17 

- 

- 

- 

Totals,     . 

1,503 

1,194 

309 

20.5 

9.13 

23 

2 

13 

610 


STATE   BOARD   OF  HEALTH.  [Pub.  Doc. 


Milk  from  Suspected  Producers. 


Total 
Samples 
Collected. 


Above 
Standard. 


Below 
Standard. 


Per  Cent. 

below 
Standard. 


Total 
Solids  in 
Lowest 
Samples. 


Ashland,     . 
Barre, 
Beverly, 
Dedham,     . 
Dover, 
Framingham, 
Grafton, 
HoUiston,   . 
Hopkinton, 
Lexington, 
Littleton,    . 
Norwood,  . 
Sharon, 
Somerset,   . 
Southborough, 
Sudbury,    . 
Waltham,  . 
Wenham,   . 
Westborough, 
Westford,  . 
Weston, 
Westwood, 
Woburn,    . 
Totals, 


18 

48 

16 

25 

18 

18 

6 

7 

17 

17 

27 

5 

5 

25 

30 

18 

20 

18 

7 

7 

23 


15 
6 
5 

25 

19 
9 

19 

14 
7 
3 

16 
9 

11 


64.0 
22.2 
100.0 
100.0 

35.2 
64.7 
44.4 


12.20 
6.50 
12.35 
10.20 
9.76 


12.25 
11.30 
11.30 

10.72 


- 

11.70 

36.7 

11.65 

50.0 

11.88 

5.0 

11.75 

22.2 

11.83 

- 

12.15 

57.1 

11.48 

30.5 

9.69 

- 

13.48 

21.4 

10.93 

Summary  of  Milk  Statistics. 


Total 
Samples 
Collected. 

Above 
Standard. 

Below 
Standard. 

Per  Cent. 

below 
Standard. 

Total 
Solids  in 
Lowest 
Sample. 

Number 

of 
Skimmed 
Samples. 

Number 

of 
Colored 
Samples. 

Number 

of 
Preserved 
Samples. 

Cities 

Towns, 

Suspected  producers. 

Miscellaneous,   . 

4,176 

1,503 

398 

14 

2,975 

1,194 

263 

3 

1,201 

309 

135 

11 

28.7 
20.5 
34.0 

78.6 

8.75 
9.13 
6.50 
9.98 

31 
23 

21 
2 

55 
13 

3 

Totals, . 

6,091 

4,435 

1,656 

27.2 

6.50 

54 

23 

71 
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In]the  foregoing  tables  only  those  samples  of  milk  that  are  actually 
below  the  legal  standard  have  been  classed  as  adulterated,  to  con- 
form to  the  custom  of  past  years.  As  a  matter  of  fact,  however, 
milk  is  quite  often  found  above  the  standard  both  in  solids  and  fat, 
but  which  is  actually  adulterated  by  reason  of  the  addition  of  foreign 
matter,  such  as  artificial  color,  preservatives,  etc.  Such  milk  has 
not  heretofore  been  included  in  the  adulterated  series.  As  a  rule, 
milk  containing  artificial  coloring  matter  is  usually  below  the  stan- 
dard as  well,  by  reason  of  watering,  though  there  are  exceptions  to 
this.  On  the  contrary,  milk  containing  preservatives  is  more  often 
found  to  be  above  the  standard.  As  many  as  49  samples  examined 
during  the  year  were  found  to  be  adulterated  by  reason  of  the  addi- 
tion of  foreign  substances,  and  yet  were  above  the  legal  standard  of 
solids.  Among  these  were  several  samples  which,  through  unclean 
methods  of  handling,  contained  notable  quantities  of  excreta  and 
stable  dirt,  which  constitute  the  very  worst  form  of  milk  adulteration. 

Twenty-three  samples  of  milk  were  found  to  be  artificially  colored, 
the  color  found  being  in  all  cases  annatto.  These  were  collected  in 
Cambridge,  Eockport,  Salem  and  Somerville. 

Preservatives  in  Milk. 

Seventy-one  samples  of  milk,  or  11.6  per  cent,  of  the  entire  num- 
ber collected,  were  found  to  contain  a  preservative.  Of  these,  13 
contained  boracic  acid,  55  were  found  with  formaldehyde  and  3  con- 
tained carbonate  of  soda.  Samples  of  milk  found  to  be  thus  pre- 
served were  collected  in  Cambridge,  Everett,  Fall  River,  Lawrence, 
Medford,  North  Adams,  Newton,  Salem,  Somerville,  Attleborough, 
Brookline,  Beverly,  Dedham,  Hyde  Park  and  Warebam. 

This  year  all  samples  of  milk  collected  during  June,  July,  August 
and  September  were  examined  for  preservatives. 

In  the  analyst's  report  for  1897  (p.  559)  is  given  a  table  showing 
the  result  of  experiments  with  milk  containing  formaldehyde  in  dif- 
ferent proportions,  the  milk  samples  being  kept  on  ice  during  the 
term  of  the  experiment.  Further  tests  were  made  this  year  as  to 
the  keeping  qualities  of  various  commonly  used  antiseptics,  present 
in  varying  strength,  the  milk  being  kept  not  on  ice,  but  at  the  tem- 
perature of  the  laboratory,  which  was  about  20  degrees  Centigrade. 
The  preservatives  were  added  about  five  hours  after  milking.  The 
followinof  table  shows  the  result :  — 
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The  samples  were  titrated  for  acidity  each  morning,  the  acidity 
being  expressed  by  the  number  of  cubic  centimeters  of  decinormal 
sodium  hydroxide  necessary  to  neutralize  5  cubic  centimeters  of  the 
milk. 

The  proportions  of  preservatives  used  in  the  above  table  were 
intended  to  cover  a  very  wide  range,  from  the  very  weakest  that 
could  possibly  aid  in  preserving  the  milk  up  to  a  strength  limited 
only  by  being  perceptible  to  the  taste.  A  sample  of  milk  treated 
with  1  part  of  formaldehyde  in  2,500  parts  of  milk  kept  for  fifty-five 
days  before  curdling. 

Various  so-called  "  boric  mixtures"  are  found  on  the  market  for 
the  use  of  milkmen,  being  mixtures  of  boracic  acid  and  borax  in 
varying  proportions.  In  the  above  table  two  of  such  mixtures  were 
employed,  in  one  of  which  the  boracic  acid  predominated,  and  in  the 
other  the  borax.  A  mixture  of  25  per  cent,  boracic  acid  and  75  per 
cent,  borax  was  found  on  the  whole  a  better  preservative  than  the 
one  mixed  in  reversed  order.  Carbonate  of  soda  was  shown  to  have 
little  or  no  value  as  a  milk  preservative. 

In  the  case  of  formaldehyde  the  antiseptic  power  increases  in  a 
marked  degree  as  the  strength  of  this  preservative  is  increased.  In 
the  strength  of  1  part  to  10,000,  for  instance,  the  milk  kept  sweet 
five  and  one-half  days.  In  the  strength  of  1  part  to  5,000  the  milk 
did  not  curdle  for  ten  and  one-half  days,  while  1  part  of  formaldehyde 
to  2,500  of  milk  kept  the  milk  from  curdling  for  fifty-five  days,  the 
acidity  up  to  that  time  being  nearly  normal. 

Formaldehyde  is  thus  shown  to  be  decidedly  the  best  of  all  milk 
preservatives.  Whether  or  not  it  is  harmful  remains  an  open  ques- 
tion. It  should  be  borne  in  mind,  however,  that  the  use  of  pre- 
servatives or  any  foreign  substance  in  milk  is  illegal. 

Milk  dealers  are  still  led  to  believe  by  artful  dealers  in  preserva- 
tive preparations  that  the  latter  cannot  be  detected  in  milk.  The 
manufacturer  of  a  largely  used  preservative,  known  as  "  Freezine" 
(which  is  a  weak  solution  of  formaldehyde) ,  issues  an  attractive 
pamphlet  in  which  he  makes  the  following  remarkable  claims  :  — 

"  It  is  not  an  adulterant.  .  .  .  It  immediately  evaporates,  so  that 
no  trace  of  it  can  be  found,  as  soon  as  it  has  rendered  all  the  bacteria 
inert.  .  .  .  No  chemical  analysis  can  prove  its  presence  in  the  milk 
quantitatively  or  otherwise. 

Its  use  in  milk  is  also  claimed  by  the  manufacturer  to  be  beneficial 
to  the  health  of  infants,  many  of  whom  have  been  saved  from  sick- 
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ness  and  even  death,  they  allege,  by  a  liberal  use  of  "  Freezine  "  in 
the  milk  ! 


Table  showing  General  Quality  of  Milk  sold  during  December*  and  June\  in 
Various  Cities  and  Towns. 


Decembeb. 
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,12 
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12.82 

13.44 

5.40 

4.00 

4.53 

8.41 

.32 

16.63 

12.0212.67 

7.80 

3.35 

4.02 

8.65 

Brockton,    . 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

14 

15.40 

10.8612.96 

6.45 

3.00 

4.26 

8.70 

Cambridge, 

18 

14.60 

12.02 

13.27 

6.10 

3.65 

4.44 

8.83 

46 

13.84 

10.88,12.61 

4.85 

2.70 

3.90 

8.71 

Chelsea, 

31 

14.36 

11.67 

13.18 

6.15 

2.90 

4.44 

8.74 

17 

13.49 

11.75:12.48 

4.85  3.00 

3.73 

8.75 

Everett, 

15 
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11.21 

13.11 

6.60 

3.05 
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8.57 

15 

13.75 

11.32,12.77 
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Fall  River,  . 
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4.69 
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16 
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8.40 
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4.44 

8.39 

Fitchburg,  . 

17 

14.87 

12.13 

13.38 

5.90 

3.60 

4.51 

8.77 

- 

- 

- 

- 

- 

- 

- 

Gloucester, 

_ 

_ 

_ 

_ 

- 

_ 

- 

_ 

28 
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12.69 

7.50 

2.20 

3.83 

8.76 

Lawrence,   . 

15 

13.90 

11.44 

13.28 

5.00 
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- 

- 

- 

- 

- 

- 
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Lowell, 

14 

15.79 
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8.42 
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- 

- 

- 

- 

- 
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15 
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8.94 

13 
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8.49 
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_ 

_ 

_ 

_ 

- 

_ 

_ 

_ 
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3.00 
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Medford,      . 

15 

15.03 

10.93 

13.10 

6.00 

2.40 

4.08 

9.02 

13 

14.06 

11.47il2.92 

5.40 

3.25 

4.25 

8.67 

Newburyport,     . 

19 

15.19  12.69;i3.40 

6.40 

4.05 

4.59 

8.81 

- 

- 

- 

- 

- 

- 

- 

Newton, 

11 

13.99  11.10ll3.21 

4.90 

2.60 

4.19 

9.02 

- 

- 

- 

- 

- 

- 

- 
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North  Adams,    . 

47 

15.60  12.1013.45 

6.00 

3.40 

4.57 

8.89 

_ 

- 

- 

- 

- 

- 

- 

- 

Quincy, 

13 

13.90  10.88,12.78 

5.10 

2.40 

4.07 

8.71 

21 

14.64 

11.70 

13.08 

5.50 

3.404.23 

8.85 

Salem, . 

8 

15.00  12.70:i3.44 

5.75 

3.75 

4.56 

8.88 

_ 

- 

- 

- 

- 

-     \  - 

- 
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26 

16.86 

11. 7213. 29] 

8.50 

2.40 

4.47 

8.82 

37 

16.90 

10.80 

12.84 

8.80 

2.10  3.90 

8.44 
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_ 

_ 

_ 

_ 

- 

_ 

- 

_ 

15 

13.77 

11.26 
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4.90 
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8.58 

Taunton, 

17 

16.44 

11.89 

13.40 

6.45 

3.40 

4.76 

8.64 

_ 

- 

- 

- 

-     1  - 

- 

Waltham,    . 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

- 

16 

13.50 

11.13 

12.54 

4.60 

2.90  3.81 

8.73 

Woburn,      . 

23 

15.86 

11.29 

13.00 

6.70 

2.80 

4.23 

8.77 

12 

14.08 

11.60 

12.34 

5.90 

3.80,3.93 

8.41 

Worcester,  . 

18 
403 

14.36 

12.00 

13.12 

5.10 
8.50 

3.70 
2.40 

4.23 
4.37 

8.89 
8.74 

311 

- 

- 

- 

8.80 

2.10 

4.03 

- 

Summary,    . 

16.86 

10.88 

13.21 

16.90 

10.75 

12.67 

8.54 

Towns. 

Beverly, 

4 

14.05 

13.74 

13.89 

4.80 

4.4C 

4.62 

9.27 

_ 

- 

- 

- 

- 

- 

- 

- 

Brookline,  . 

- 

- 

- 

- 

- 

_ 

- 

- 

17 

15.71 

12.10 

12.92 

7.10 

3.40 

4.21 

8.71 

Dedham, 

10 

14.40 

12.20 

13.49 

5.40 

3.50 

4.43 

9.06 

_ 

- 

- 

- 

- 

- 

- 

_ 

Framingham, 

15 

14. 86112. 04113. 51 

5.70 

3.30 

4.50 

9.01 

_ 

- 

- 

- 

- 

- 

- 

- 

Hull,    . 

- 

- 

- 

- 

- 

- 

- 

4 

13.18 

12.30 

12.81 

4.30 

3.80 

4.01 

8.80 

Hyde  Park, 

14 

13.77 

12.20  13.22 

4.80 

3.6C 

4.13 

9.09 

16 

14.40 

10.99 

12.75 

5.00 

3.20 

4.13 

8.62 

Natick, 

14 

14.00 

12.02  13.24 

6.00 

3.5C 

4.53 

8.71 

_ 

- 

- 

- 

- 

- 

- 

- 

Stoughton, . 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

13 

14.20 

11.30 

12.81 

4.95 

3.00 

4.08 

8.73 

Watertown, 

6 

14.33 

12.1713.19 

5.10 

4.40 

4.42 

8.77 

11 

13.14 

11.75 

12.42 

4.50 

3.00 

3.83 

8.59 

Wenham,    . 

18 

14.26 
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5.0C 
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8.80 

_ 

- 

- 

- 

- 

- 

- 

- 
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4 
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13.20|13.62 

4.50 

4.2C 
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_ 

- 

_ 

_ 

_ 

- 

- 
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4 
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15 

13.87 

12. IS 

13.06 

4.9C 

3.25 
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8.84 

Winthrop,  . 

10 

15.48 

12.26|13.45 

6.65 

3.804.61 

8.84 

- 

- 

- 

- 

- 

- 

- 

Summary,     . 

99 

15.48 

12.02 

13  .'44 

6.65 

3.50  4.48 

8.96 

76 

15.71 

10.99 

12.63 

7.10 

3.00 

4.09 

8.54 

Summary  of  citie 

3 

and  towns, 

502 

16.86 

10.88 

13.32 

8.50 

2.40  4.42 

8.85 

387 

16.90 

10.75 

12.65 

8.80 

2.10 

4.06 

8.54 

*  Stall-fed  cows. 


t  Pasture-fed  cows. 


Bearing  on  the  question  of  difference  in  normal  quality  of  milk 
during  the  winter,  or  stall-fed  season,  and  during  the  summer,  or 
pasture- fed  period,  the  foregoing  table  is  of  interest.  December  and 
June  were  selected  as  being  months  most  typical  of  the  two  respec- 
tive periods,  and  during  these  months  all  samples  collected    were 
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analyzed  for  total  solids  and  fat.  The  law  recognizes  a  difference 
in  total  solids  of  1  per  cent,  in  these  two  periods,  the  standard  being 
13  per  cent,  of  total  solids  in  the  winter  period  (of  which  9.3  per 
cent,  are  solids  not  fat)  and  12  per  cent,  in  the  summer  (of  which 
9  per  cent,  are  solids  not  fat). 

It  should  be  noted  that  the  figures  in  this  table  refer  to  milk  as  it 
is  sold  to  the  consumer,  as  well  as  to  milk  as  produced  at  the  dairy. 

It  has  long  been  supposed  that,  as  a  general  rule,  milk  from  the 
towns  would  be  found  of  better  quality  than  that  from  the  cities,  but 
this  is  not  found  to  be  true  in  any  such  marked  degree  as  was  antic- 
ipated. It  is  true,  the  winter  milk  does  average  some  0.2  of  a  per 
cent,  higher  in  total  solids  in  the  towns  than  in  the  cities,  but  this 
is  not  true  of  the  summer  milk. 

In  preparing  the  above  table  all  samples  collected  during  the 
months  named  in  the  various  cities  and  towns  were  analyzed  in 
full,  deducting,  however,  in  obtaining  the  averages,  all  samples  of 
skimmed  milk,  as  well  as  all  samples  standing  above  17  per  cent, 
of  total  solids  or  under  10.75  per  cent.,  so  that  the  averages  would 
show  as  closely  as  possible  the  quality  of  milk  actually  produced 
and  sold  to  the  consumer.  It  would  seem  as  if  the  summer  stand- 
ard of  12  per  cent,  of  total  solids  were  too  low,  in  view  of  the  actual 
figures  shown  in  the  table,  and  that  the  standard  for  solids  not  fat 
is  too  high,  both  in  winter  and  in  summer.  It  is  interesting  to  note 
that  the  average  of  all  samples  examined  for  both  months  stands 
at  just  13  per  cent,  of  total  solids,  of  which  4.24  per  cent,  is  fat 
and  8.76  per  cent,  is  solids  not  fat. 

Samples  of  milk  were  brought  in  for  analysis,  taken  from  a  dealer 
in  western  Massachusetts,  on  whose  milk  route  there  were  some 
twenty  families  who  were  undoubtedly  made  seriously  sick  by  the 
use  of  the  milk.  After  a  careful  search  a  cow  was  finally  found  in 
the  milkman's  herd  affected  with  a  sore  udder  and  showing  a  tem-- 
perature  of  104  degrees.  Milk  taken  from  this  cow  was  found  to 
contain,  on  examination  under  the  microscope,  a  considerable  quan- 
tity of  pus.  This  milk  mixed  with  the  rest  was  probably  the  cause 
of  the  trouble. 

At  the  end  of  each  month  a  report  is  submitted  in  which  the  sam- 
ples analyzed  during  the  month  are  classified  with  reference  to  their 
percentage  of  total  solids. 

The  following  table  is  a  summary  of  the  twelve  monthly  reports 
thus  submitted  for  the  year,  showing  the  quality  of  the  milk  by 
months  :  — 
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Quality  of  Milk 

by 

Months, 

O 

a 

o 
25 

u 

.a 
S 

P 

03 
3 

a 

03 

a 

J3 
03 

< 

1 

6 

a 

a 

1-5 

a 

Co 

a 
< 

B 
o. 

1" 

Eh 

Number  having  more  than  15  per  cent,  of  total  solids,   , 

20 

14 

19 

25 

24 

16 

21 

13 

10 

18 

23 

16 

219 

Number  having  between  14  and  15  per  cent,  of  total  Bolids, 

36 

60 

51 

57 

49 

38 

54 

41 

17 

37 

38 

36 

514 

Number  having  between  13  and  14  per  cent .  of  total  solids, 

199 

227 

279 

233 

201 

237 

189 

144 

110 

117 

129 

128 

2,193 

Number  having  between  12  and  13  per  cent,  of  total  solids, 

202 

162 

116 

132 

137 

218 

224 

221 

215 

312 

246 

265 

2,449 

Number  having  between  11  and  12  per  cent,  of  total  solids, 

47 

20 

23 

25 

18 

26 

29 

37 

57 

75 

89 

73 

518 

Number  having  between  10  and  11  per  cent,  of  total  solids, 

27 

3 

8 

5 

2 

12 

4 

12 

18 

13 

13 

9 

124 

Number  having  between  9  and  10  per  cent,  of  total  solids. 

4 

1 

1 

5 

4 

4 

6 

5 

8 

10 

5 

6 

58 

Number  having  between  8  and  9  per  cent,  of  total  solids, 

- 

- 

- 

- 

- 

- 

- 

- 

5 

- 

1 

1 

7 

Number  having  less  than  8  per  cent,  of  total  solids, 

1 

- 

- 

- 

- 

- 

- 

- 

5 

- 

- 

6 

Number  samples  of  skimmed  milk  above  the  standard. 

5 

1 

1 

5 

1 

1 

6 

2 

3 

- 

1 

26 

Number  samples  of  skimmed  milk  below  the  standard. 

1 

1 

1 

2 

3 

1 

- 

1 

- 

3 

- 

3 

16 

Cream. 
Of  23  samples  examined,  4  proved  to  be  adulterated,  2  with  for- 
maldehyde and  2  with  boracic  acid. 

Condensed  Milh  and  Evaporated  Cream. 

The  universally  accepted  meaning  of  the  term  "  condensed  milk," 
in  this  country,  is  milk  both  condensed  and  preserved  with  sugar, 
being  what  is  commonly  known  in  England  as  "  preserved  milk." 
The  "evaporated  cream"  is  in  reality  whole  milk  condensed  and 
canned  without  added  sugar. 

Methods,  — Forty  grammes  of  the  thoroughly  mixed  sample  are 
weighed  out  and  made  up  to  100  cubic  centimeters  with  water.  For 
total  solids,  an  aliquot  part  of  this  solution  is  further  diluted  with 
an  equal  amount  of  water,  and  5  cubic  centimeters  of  the  diluted 
mixture,  corresponding  to  1  gramme  of  the  condensed  milk,  is 
evaporated  over  the  live  steam  of  a  boiling  water  bath  for  at  least 
three  hours  and  the  residue  weighed  in  a  platinum  dish. 

For  the  ash,  the  residue  from  the  total  solids,  as  above  obtained, 
is  carefully  burnt  and  weighed. 

For  the  fat,  which  is  the  most  important  factor  in  determining  the 
purity  of  the  sample,  the  following  modification  of  the  method  de- 
scribed in  the  analyst's  report  for  1896*  has  been  adopted  and  has 

*  Twenty-eighth  annual  report  of  the  State  Board  of  Health,  p.  630. 
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proved  most  satisfactory,  —  a  method  applicable  to  those  samples 
preserved  with  cane  sugar,  —  the  chief  precautions  necessary  being  to 
remove  the  cane  sugar,  which  would  otherwise,  by  charring,  interfere 
with  the  fat  reading  if  the  ordinary  Babcock  method  were  used. 

Twenty-five  cubic  centimeters  of  the  40  per  cent,  solution,  cor- 
responding to  10  grammes  of  the  original  milk,  are  measured  into 
the  ordinary  test  bottle  for  milk  fat  determination  used  in  the  Bab- 
cock machine.  The  bottle  is  then  filled  nearly  to  the  neck  with 
water,  the  contents  shaken  and  4  cubic  centimeters  of  a  solution  of 
copper  sulphate  of  the  approximate  strength  of  Fehling's  copper 
solution  is  added.  The  bottle  is  then  well  shaken  and  whirled  in 
the  centrifuge  until  the  precipitate,  which  consists  of  the  proteids 
and  the  fat,  has  settled  out.  The  clear  supernatant  liquid,  which 
contains  the  sugar  in  solution,  is  drawn  off  by  means  of  a  pipette 
having  sufficient  capacity,  a  small  wisp  of  absorbent  cotton  being 
lightly  twisted  about  the  lower  end  of  the  pipette  to  serve  as  a  filter. 
If  a  suction  pump  is  available,  it  will  be  found  convenient  for  this 
purpose.  After  the  liquid  is  drawn  up  into  the  pipette,  the  cotton 
wad  is  removed  from  its  lower  end  by  rubbing  against  the  inside  of 
the  neck  of  the  bottle,  and  the  pipette  is  withdrawn.  The  precipi- 
tate is  washed  twice  as  above  by  decantation,  taking  care  to  thor- 
oughly mix  the  settled  precipitate  with  the  wash  water.  If  the 
precipitate  cakes  down  hard,  it  may  be  desirable  to  use  a  platinum 
wire  as  a  stirrer.  After  the  final  washing,  suflacient  water  is  added 
to  amount  to  about  the  normal  volume  of  17.6  cubic  centimeters 
(the  quantity  of  milk  usually  measured  for  the  Babcock  test).  The 
contents  of  the  bottle  are  thoroughly  mixed  and  the  regular  amount 
of  sulphuric  acid  is  added,  viz.,  17.5  cubic  centimeters. 

From  this  point  on,  the  usual  Babcock  centrifuge  method  is  fol- 
lowed. Multiplying  the  final  reading  by  1.8  we  get  the  percentage 
of  fat.  This  method  is  considered  more  accurate  than  the  ordinary 
Soxhlet  extraction  method,  by  reason  of  the  fact  that  the  cane  sugar 
present  forms  a  hard  mass  when  dried  on  the  Soxhlet  coil,  thereby 
rendering  the  extraction  of  the  fat  by  the  ether  somewhat  difficult. 
The  fat  in  "evaporated  creams"  is  best  obtained  by  the  ordinary 
Babcock  method. 

For  the  proteids,  5  cubic  centimeters  of  the  40  per  cent,  solution 
originally  prepared  are  diluted  further  to  about  40  cubic  centimeters, 
and  just  enough  of  the  Fehling  copper  solution  is  added,  drop  by 
drop,  to  precipitate  the  albuminoids,  taking  care  to  avoid  an  excess 
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of  copper.  Strain  through  a  weighed  filter  paper,  wash,  dry  in  an 
air  oven  at  100  degrees  Centigrade  and  weigh.  The  filter  with  the 
dry  precipitate  is  then  carefully  burnt  in  a  porcelain  crucible,  and 
the  difference  between  the  weight  of  the  dry  precipitate  and  the 
weight  of  the  ash  is  the  weight  of  the  proteids  and  fat.  Expressing 
this  in  percentage  and  deducting  from  it  the  per  cent,  of  fat  pre- 
viously obtained,  the  result  is  the  per  cent,  of  proteids. 

For  the  milk  sugar,  the  filtrate  and  the  washings  from  the  prece- 
ding operation  are  made  up  to  100  cubic  centimeters  with  water, 
and  the  amount  of  reducing  sugar,  obtained  volumetrically  by  Feh- 
ling's  solution,  is  reckoned  as  milk  sugar. 

The  cane  sugar  is  obtained  by  deducting  the  milk  solids  (viz.,  the 
sum  of  the  milk  sugar,  proteids,  fat  and  ash)  from  the  total  solids 
first  obtained. 

The  analyses  of  45  samples  of  condensed  milk  are  given  in  full  in 
the  following  table,  arranged  in  the  order  of  their  fat  contents  :  — 


Condensed  Milk, 


Bband. 

S 
o 
CO 

0 
w 

03 
to 

u 
C3 
60 

a 
CO 

■3 
c 
■& 
'u 

0 

CM 

13 
0 

■3 
0 
H 

« 
^ 

1 

3 

0 

< 

f 

Jo 

Hero,    . 

72.74 

27.26 

27.23 

45.01 

7.00 

7.71 

11.40 

1.62 

6.46 

- 

Tip  Top,      . 

79.03 

20.97 

34.54 

44.49 

12.88 

8.49 

11.40 

1.77 

4.56 

11 

Rose,    . 

76.40 

23.60 

32.93 

43.47 

11.97 

7.86 

11.40 

1.70 

4.93 

12 

Eclipse, 

73.97 

26.05 

32.10 

41.85 

10.47 

8.47 

11.40 

1.76 

5.13 

11 

Russell's, 

67.98 

32.02 

29.22 

38.76 

7.61 

8.61 

11.25 

1.75 

5.86 

- 

Rival,   . 

80.00 

20.00 

34.76 

45.24 

13.40 

8.53 

11. iO 

1.73 

4.37 

9 

Bweetbriar, 

71.67 

28.33 

35.89 

35.78 

15.78 

7.79 

11.10 

1.77 

4.18 

9 

Purity, 

66.66 

33.34 

28.21 

38.45 

8.37 

7.12 

11.10 

1.62 

6.00 

12 

Thistle, 

72.50 

27.50 

31.64 

40.86 

10.64 

8.84 

10.80 

1.80 

4.83 

8 

Leader, 

75.07 

24.93 

28.50 

46.57 

10.47 

5.36 

10.80 

1.87 

5.86 

12 

Pine  Tree, 

71.14 

28.86 

32.16 

39.98 

12.50 

7.39 

10.74 

1.53 

4.66 

12 

Defiance, 

74.29 

25.71 

32.39 

41.90 

11.97 

8.46 

10.65 

1.29 

4.61 

12 

Vermont, 

75.37 

24.63 

28.01 

47.36 

9.05 

6.84 

10.50 

1.62 

5.30 

- 

Maine,  . 

74.80 

25.20 

34.90 

39.90 

13.96 

8.71 

10.50 

1.73 

4.18 

10 

Windmill, 

73.41 

26.59 

35.00 

38.41 

16.75 

6.21 

10.50 

1.54 

4.32 

11 

Union,  . 

78.86 

21.14 

32.89 

45.97 

11.96 

8.71 

10.50 

1.72 

4.37 

- 

Thistle, 

71.38 

28.62 

31.24 

40.14 

10.64 

8.49 

10.50 

1.61 

4.71 

8 

Ensign, 

75.12 

24.88 

32.95 

42.17 

12.14 

8.78 

10.35 

1.68 

4.25 

11 
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Condensed  Milk  —  Concluded. 


Bkand. 

00 
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a' 
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■3 
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Eclipse, 

74.28 

25.72 

32.47 

41.81 

11.17 

9.28 

10.35 

1.67 

4.36 

11 

Milkmaid,    . 

77.50 

22.50 

34.56 

42.94 

12.88 

9.53 

10.29 

1.86 

3.94 

17 

Mayflower,  . 

68.43 

31.57 

34.62 

33.81 

15.48 

7.39 

10.20 

1.55 

3.90 

- 

Thistle, 

72.85 

27.15 

31.56 

41.29 

10.64 

8.86 

10.20 

1.86 

4.43 

8 

Baby,    . 

71.50 

28.50 

32.51 

38.99 

12.88 

7.93 

10.20 

1.50 

4.25 

21 

Lilly,    . 

73.30 

26.70 

31.37 

42.03 

11.50 

7.78 

10.20 

1.79 

4.51 

7 

Our  Own,    . 

78.92 

21.08 

31.81 

47.11 

11.96 

8.08 

10.05 

1.72 

4.29 

- 

Eclipse, 

75.74 

24.26 

33.44 

42.30 

12.88 

8.87 

10.05 

1.64 

4.00 

H 

Tulip,  . 

74.51 

25.49 

35.68 

38.82 

16.75 

7.21 

9.90 

1.82 

3.57 

- 

Magnolia,     . 

73.37 

26.63 

33.62 

39.75 

15.95 

6.61 

9.75 

1.31 

3.80 

11 

Acme,  . 

71.17 

28.83 

31.08 

40.09 

11.96 

7.72 

9.75 

1.65 

4.24 

7 

Winooski,    . 

68.98 

31.02 

26.15 

42.83 

7.44 

7.51 

9.60 

1.60 

5.39 

12 

Sachem, 

73.02 

26.98 

32.73 

40.29 

13.40 

8.09 

9.60 

1.64 

3.05 

Our  Own,    . 

77.03 

22.29 

34.34 

42.69 

16.25 

6.75 

9.54 

1.80 

3.22 

- 

Durham, 

88.81 

11.19 

28.54 

60.27 

11.96 

5.10 

9.45 

2.03 

4.02 

12 

Milkmaid,    . 

74.82 

25.18 

30.76 

44.06 

11.55 

8.26 

9.45 

1.50 

4.12 

17 

Hires,   . 

70.33 

29.67 

31.67 

38.76 

11.96 

8.66 

9.30 

1.65 

3.89 

- 

Model,  . 

71.30 

28.70 

31.71 

39.59 

12.88 

7.96 

9.15 

1.72 

3.76 

7 

Honeysuckle, 

71.97 

28.03 

31.37 

40.60 

12.40 

8.12 

9.15 

1.68 

3.28 

10 

Purity, 

68.97 

31.03 

34.12 

34.82 

16.25 

7.55 

8.70 

1.65 

3.18 

g 

Moosehead, , 

72.02 

27.98 

31.85 

40.17 

13.12 

8.70 

8.40 

1.63 

3.33 

7 

Beacon, 

71.20 

28.80 

33.05 

38.15 

14.44 

8.51 

8.40 

1.70 

3.17 

10 

Ruby,   . 

74.89 

25.11 

35.95 

38.94 

16.25 

9.49 

8.40 

1.81 

2.83 

12 

Evaporated  Cream. 


Brand. 

H 
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en 
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Ph 
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CM 

Imperial  Cream, 

36.00 

64.00 

11.55 

11.63 

12.00 

1.72 

4.69 

Viking  Unsweetened  Condensed  Milk, 

36.77 

63.23 

12.88 

11.83 

10.50 

2.00 

3.71 

Superb  Cream 

31.25 

86.75 

12.88 

7.02 

9.60 

1.23 

3.95 

Highland  Cream, 

30.60 

63.40 

12.50 

7.76 

9.60 

1.63 

4.26 
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Condensed  Milk  and  Cocoa. 


Brand. 

Total 
Solids. 

Water. 

Cane 
Sugar. 

Fat. 

Ash. 

Milkmaid 

73.93 

26.07 

45.30 

6.45 

2.63 

The  fat  in  the  original  milk  has  been  computed  for  each  sample  as 
well  as  the  price  per  pound,  in  the  case  of  condensed  milk. 

None  of  the  samples  of  condensed  milk  examined  during  the  year 
were  found  to  be  adulterated.  There  is,  however,  a  wide  variation  in 
the  price  per  pound,  as  will  be  seen  in  the  last  column  of  the  table,  and 
it  is  by  no  means  true  that  the  higher  priced  milks  stand  the  highest 
in  butter  fat. 

Foods  exclusive  of  Milk. 

More  than  85  per  cent,  of  the  food  samples,  exclusive  of  milk, 
brought  in  for  examination  are  found  to  be  pure,  and  the  quickest 
possible  methods  consistent  with  accuracy  are  employed  to  sift  out 
the  pure  samples,  so  that  most  of  the  time  may  be  spent  in  a  careful 
examination  of  those  adulterated. 

The  following  diagram  shows  the  variation  in  percentage  of  adul- 
terated samples  of  food,  exclusive  of  milk,  examined  during  the 
period  since  the  food  and  drugs  act  has  been  in  force,  viz.,  from 
1883  to  and  including  1899  :  — 
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Fig.  2.    Showing  Variation  in  Food  Adulteration  (exclusive  of  Milk)  from  Tear  to  Tear. 
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There  are  various  reasons  to  account  for  the  variations  of  this 
curve.  When  foods  were  first  examined,  in  1883,  the  collection  of 
samples  was  made  somewhat  indiscriminately  from  the  whole  field, 
including  many  articles  of  food  afterward  found  to  be  rarely,  if 
ever,  subject  to  adulteration.  Experience  soon  showed,  however, 
just  what  kinds  of  food  were  most  apt  to  be  adulterated,  and  in  the 
following  year,  1884,  as  might  be  expected,  the  ratio  of  adulteration 
ran  considerably  higher,  and  from  that  time  on  for  a  period  of  five 
or  six  years  it  steadily  dropped,  owing  to  the  efforts  of  the  depart- 
ment in  confining  its  attention  to  a  few  of  the  typically  adulterated 
foods.  Variations  in  the  line  since  that  time  are  due  largely  to  the 
fact  that  new  and  different  lines  of  adulterated  foods  are  from  time 
to  time  discovered,  so  that  one  could  hardly  expect  a  smooth  curve. 

A  considerable  number  of  compound  articles  of  food  have  been 
examined,  and  if  simply  marked  "  compound"  were  classed  as  adul- 
terated in  accordance  with  section  3,  chapter  344  of  the  Acts  of 
1897,  which  requires  that  in  the  case  of  mixtures  or  compounds  the 
name  and  per  cent,  of  each  ingredient  appear  distinctly  upon  the 
label.  While,  as  would  naturally  be  supposed,  there  have  been 
many  evasions  of  this  statute,  there  have  been  a  number  of  instances 
of  a  desire  on  the  part  of  manufacturers  to  comply  with  the  law. 

As  examples  of  labels  marked  in  accordance  with  the  compound 
law  are  the  following  :  — 

Hotel  Coffee  Mixture.  —  Ingredients:  50  per  cent,  coffee,  5  per 
cent,  wheat,  12  per  cent,  rye,  14  per  cent,  malt,  2  per  cent,  caramel, 
9  per  cent,  chicory,  8  per  cent.  peas. 

Homeopathic  Cocoa.  —  A  compound.  Guaranteed  to  be  one-half 
cocoa,  one-quarter  arrow-root  and  one-quarter  pure  sugar. 

Butter. 

Methods. — The  Zeiss  Refractometer  furnishes  the  most  ready 
means  of  discriminating  between  butter  and  oleomargarine.  The 
Reichert  number  on  the  volatile  fat  acids  is  the  chief  reliance  in 
court  cases,  the  principal  method  of  procedure  being  that  set  forth 
in  Bulletin  13,  No.  1,  of  the  Department  of  Agriculture,  division 
of  chemistry,  page  56. 

Nine  samples  of  oleomargarine  were  found  of  the  229  samples 
examined. 

Owing  to  the  extensive  use  of  boracic  acid  in  butter  in  Great 
Britain,  as  reported  in  the  English  food  journals,  a  search  has  been 
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made  for  boracic  acid  in  samples  of  butter  collected  in  Massachu- 
setts, but  none  have  been  found  thus  preserved.  The  probable 
reason  for  the  wide-spread  use  of  this  antiseptic  in  England  is  due 
to  the  fact  that  there  unsalted  butter  is  the  rule,  while  in  Massachu- 
setts very  little  of  the  unsalted  variety  is  found. 

Canned  Goods. 
Thirty-one   samples  of  canned  fruits  and  vegetables,  which  had 
been  kept  from  one  to  eight  months  in  the  laboratory  before  ex- 
amination, were  analyzed  for  tin  and  lead 
in  the  following  table  :  — 

Canned  Goods. 


The  results  are  given 


Capacity 

Quality. 

Brand. 

Received. 

Examined. 

of  Can 
in  Cubic 

Tin 

Lead 

Copper 

Centi- 

(Grammes). 

(Grammes). 

(Grammes). 

meters. 

Strawberries, 

Popular, 

Jan. 1899. 

Feb.   1899. 

615 

.0393 

.00043 

Raspberries,  . 

Navy, 

Jan. 1899. 

Feb.   1899. 

615 

.0725 

.00010 

_ 

Raspberries,  . 

Webster, 

Jan.  1899. 

Feb.   1899. 

615 

.0848 

.00020 

_ 

Blueberries,   . 

Eagle,     . 

Jan.  1899. 

Feb.   1899. 

615 

.1981 

.00120 

_ 

Blueberries,    . 

Eagle,     . 

Jan.  1899. 

Feb     1899. 

615 

.0056 

.00217 

_ 

Blueberries,    . 

- 

Jan.  1899. 

Feb.   1899. 

616 

.2226 

.00080 

_ 

Tomatoes, 

Monarch, 

Jan.  1899. 

Mar.  1899. 

950 

.0515 

.00060 

.0009 

Tomatoes, 

Manilla,  . 

Jan.  1899. 

Mar.  1899. 

950 

.0409 

.00023 

Tomatoes, 

Carson's  Run, 

Jan.  1899. 

Mar.  1899. 

950 

.0325 

_ 

_ 

Tomatoes, 

Defy  the  World,    . 

Jan.  1899. 

Mar.  1899. 

950 

.0372 

.00040 

_ 

Tomatoes, 

Defy  the  World,   . 

Jan.  1899. 

Sept.  1899. 

950 

.0349 

.00030 

_ 

Tomatoes, 

Monarch, 

Jan.  1899. 

Sept.  1899. 

950 

.0148 

.00005 

_ 

Tomato  soup, 

Anderson's,    . 

Jan.  1899. 

Sept.  1899. 

370 

.0023 

.00016 

_ 

Strawberries, 

- 

Jan.  1899. 

Sept.  1899. 

615 

.0124 

.00008 

_ 

Blueberries,    . 

Eagle,     . 

Jan.  1899. 

Sept.  1899. 

615 

.1721 

.00037 

_ 

Salmon,  . 

Choice,    . 

Feb.  1896. 

Sept.  1899. 

470 

.0319 

.00005 

_ 

Lobster,  . 

Anchor,* 

Feb.  1896. 

Sept.  1899. 

430 

.0411 

.00010 

_ 

Rhubarb, 

Erie, 

Jan.  1899. 

Sept.  1899. 

615 

.3606 

.00022 

_ 

Asparagus,     . 

Monarch, 

Jan.  1899. 

Sept.  1899. 

930 

.1249 

.00010 

_ 

String  beans,  . 

Standard, 

Jan.  1899. 

Sept.  1899. 

640 

.0065 

.00076 

_ 

Peas, 

Nanticoke, 

Jan.  1899. 

Sept.  1899. 

615 

.0024 

.00004 

_ 

Corn, 

Phinney, 

Jan. 1899. 

Sept.  1899. 

610 

.0101 

.00008 

_ 

Corn, 

Monarch, 

Jan.  1899. 

Sept.  1899. 

650 

.0045 

.00109 

_ 

Succotash, 

Monarch, 

Jan.  1899. 

Sept.  1899. 

650 

.0039 

.00009 

_ 

Squash,  . 

Monarch, 

Jan.  1899. 

Sept.  1899. 

950 

.1577 

.00027 

_ 

Pumpkin, 

Monarch, 

Jan   1899. 

Sept.  1899. 

950 

.1844 

.00196 

_ 

Squash,  . 

Windsor, 

Jan.  1899. 

Sept.  1899. 

950 

.1793 

.00870 

_ 

Peas, 

Monarch, 

Jan.  1899. 

Sept.  1899. 

650 

.0046 

.00008 

_ 

Beans,     . 

Monarch, 

Jan.  1899. 

Sept.  1899. 

650 

.0499 

.00027 

_ 

Lima  beans,    . 

Monarch, 

Jan.  1899. 

Sept.  1899. 

650 

.0064 

.00043 

_ 

Mutton  broth. 

Franco  -  American, 

Jan.  1899. 

Sept.  1899. 

950 

.0114 

.00008 

- 

■*  Badly  decomposed. 

The  action  of  fruit  acids  on  tin  has  of  late  become  of  increased 
interest  through  certain  cases  of  alleged  tin  poisoning,  caused  by 
the  use  of  canned  fruits.* 

The  question  as  to  whether  the  amount  of  tin  found  dissolved  in 
any  of  the  samples  examined  is  or  is  not  dangerous  is  still  an  open 
one.     A  very  wide  range  of  variation  exists  in  the  amount  of  tin 


*  Zeit.  fur  Unters.  der  Nahr.  u.  Gennss.,  Vol.  II.,  p.  915. 
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dissolved  by  various  fruits.  Id  the  case  of  pumpkin  and  squash,  for 
example,  the  tin  dissolved  is  surprisingly  large  in  quantity  consider- 
ing the  supposed  inert  nature  of  these  vegetables.  From  the  above 
table,  and  others  published  in  previous  reports,  it  would  seem  as  if 
of  all  canned  fruits  the  blueberry  exerts  the  greatest  influence  on  the 
tin. 

A  series  of  experiments  have  been  tried  in  the  food  laboratory  of 
the  Board  on  the  action  of  various  fruit  acids  on  tin,  with  a  view  to 
ascertaining,  among  other  facts,  whether  or  not  the  element  of  time 
exerts  an  appreciable  difierence  in  the  results. 

Samples  of  various  canned  fruits  and  vegetables  were  titrated  for 
their  acidity.  It  was  found  that  certain  samples  of  canned  blue- 
berries, for  instance,  had  an  acidity  of  about  one-twentieth  normal. 
In  the  case  of  strawberries  the  acidity  was  about  one-sixth  normal. 
Canned  raspberries  were  found  to  be  about  one-tenth  normal  in 
acidity,  while  that  of  canned  tomatoes  varied  from  one-tenth  to  one- 
fourteenth  normal.  Solutions  of  one-fifth,  one-tenth  and  one-fifteenth 
normal  malic  acid,  one- tenth  and  one-fifteenth  normal  tartaric  acid, 
one-tenth  and  one-fifteenth  normal  citric  acid,  and  one-tenth  normal 
acetic  acid  were  prepared  and  sealed  in  pint  glass  jars,  being  about 
the  same  capacity  as  the  ordinary  sized  tin  fruit  cans,  each  jar  con- 
taining an  amount  of  tin  plate  equivalent  to  the  interior  exposed 
surface  of  a  can.  Solutions  thus  sealed  were  kept  for  three  months, 
six  months  and  a  year,  and  examined  at  the  end  of  these  respective 
periods  for  tin.  The  results  showing  the  amount  of  tin  found  at  the 
end  of  three  months  in  each  case  are  given  in  the  following  list : 


Action  of  Fruit  Acids  on  Tin  in  Three  Months. 


Acid. 

Grammes  of  Tin 

in  One  Pint  of 

Solution. 

Acid. 

Grammes  of  Tin 
in  One  Pint  of 

Solution. 

N/5    Malic 

0.0578 

N/15  Tartaric,       .        .        .        . 

0.0246 

N/10  Malic, 

0.0201 

N/10  Citric, 

0.0374 

N/15  Malic, 

0.0197 

N/15  Citric 

0.0236 

N/10  Tartaric,         .... 

0.0382 

N/10  Acetic 

0.0019 

It  was  found,  in  general,  that  the  amount  of  tin  dissolved  in  three 
months,  as  indicated  above,  was  the  maximum  amount  dissolved,  or, 
in  other  words,  with  a  very  few  exceptions  no  additional  tin  was  dis- 
solved by  added  exposure  to  the  acid  for  six  months,  or  even  a  year. 
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Samples  of  sardines  put  up  in  mustard,  oil  and  vinegar  were  last 
year  examined  for  metallic  tin  and  found  to  contain  it  in  large  quan- 
tities.* The  acidity  of  the  solution  in  these  cans  was  found  to  be 
approximately  one-tenth  normal. 

Experiments  with  tenth  normal  acetic  acid  sealed  in  jars  with  tin 
plate,  as  in  the  case  of  the  fruit  acids,  and  kept  for  three  and  six 
months  respectively,  showed  that  in  three  months  0.0019  gramme, 
and  in  six  months  0.0083  gramme  of  metallic  tin  had  been  dissolved, 
indicating  much  less  vigorous  action  than  that  of  the  same  strength 
of  fruit  acids,  and  dissolving  less  tin  than  the  samples  of  sardines 
examined. 

Method  for  Determining  Tin  in  Ganned  Goods.  —  The  contents 
of  the  can  are  burnt  to  an  ash,  which  is  extracted  with  water  acidi- 
fied with  hydrochloric  acid.  The  tin  is  precipitated  from  its  solution 
with  hydrogen  sulphide,  the  washed  precipitate  is  dissolved  in  an 
excess  of  ammonium  sulphide,  which  is  filtered,  and  the  tin  is  de- 
posited directly  from  this  solution  by  electrolysis  in  the  platinum 
dish  which  contains  it,f  using  a  current  of  0.05  ampere.  This  cur- 
rent is  reduced  from  the  ordinary  110  volt  street  circuit  by  means  of 
lamps  and  a  rheostat,  the  latter  consisting  of  a  long  tube  sealed  at 
the  bottom,  containing  a  column  of  dilute  acid  through  which  the 
current  passes,  the  resistance  being  changed  by  varying  the  length  of 
the  acid  column  contained  between  two  electrodes  immersed  therein, 
one  of  which  is  movable. 

Among  the  canned  goods  examined,  have  been  9  samples  of  canned 
peas,  which  come  within  the  class  known  as  "  soaked  goods,"  referred 
to  in  section  5  of  the  food  statute  of  1897,  chapter  344.  It  has  be- 
come quite  common,  especially  in  the  case  of  peas,  to  take  those  that 
have  grown  old  and  dried  and  utilize  them  for  canning  purposes, 
under  some  such  name  as  "  Choice  Early  June  Peas,"  such  brands 
being  sometimes  sold  at  a  very  low  price.  The  law  now  provides 
that  such  canned  goods,  to  be  sold  legally,  shall  have  plainly  marked 
on  the  label  of  the  can  the  words  "  Soaked  Goods"  in  letters  of  a 
prescribed  size  (two  line  pica). 

Of  the  9  samples  of  canned  peas  examined  7  were  found  to  be  of 
the  soaked  variety,  representing  three  brands,  as  follows  :  — 

The  "J.  K.  Brown  &  Co."  brand,  packed  by  Chas.  G.  Summers 
<fe  Co.  of  Baltimore,  Md. 

*  Thirtieth  annual  report  of  the  State  Board  of  Health,  p.  705. 
t  Zeit.  fur  Unters.  der  Nahr.  u.  Genuss.,  Vol.  II.,  p.  795. 
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The  "  Rosebud  Brand,"  packed  by  the  Rosebud  Company  of  Bal- 
timore, Md.,  and  the  "Lotta  Brand,"  packed  by  J.  R.  Seward  & 
Co.  of  Baltimore,  Md. 

The  first  brand  was  very  indistinctly  marked  with  the  words 
<<  Soaked  Goods,"  so  indistinctly,  in  fact,  as  scarcely  to  be  legible. 
The  two  latter  brands  were  not  so  marked. 

Methods  of  detecting  soaked  goods  are  distinctly  physical  rather 
than  chemical.  The  appearance  and  taste  of  the  goods  furnish  in 
most  cases  an  unmistakable  clue  to  their  nature. 

Cheese. 

As  usual  there  were  no  samples  of  adulterated  cheese  found  among 
the  34  samples  collected  during  the  year,  for  the  reason  that  there  is 
no  legal  standard  for  fat  in  cheese.  Several  samples  of  skimmed 
milk  cheese  were  found. 

It  is  to  be  regretted,  on  many  accounts,  that  Massachusetts  has  no 
law  fixing  the  standard  for  fat  in  cheese,  as  in  the  absence  of  such  a 
law  skimmed  milk  cheese  can  be  sold  with  impunity.  Five  of  the 
western  States  have  laws  fixing  the  standard  of  fat  at  from  20  to  35 
per  cent. 

Chocolate  and  Cocoa. 
Thirty-six  samples  were  examined,  of  which  21  were  adulterated, 
the  adulterants  found  being  wheat,  corn-starch  and  arrow-root. 
Several  samples  of  cocoa  were  found  to  have  admixtures  of  cane 
sugar.  The  worst  adulterated  sample  contained  35  per  cent,  of 
corn-starch.  Several  samples  of  prepared  chocolate  were  found 
colored  with  oxide  of  iron.  Methods  of  detecting  such  adulterants 
as  the  starches  in  this  class  of  food  are  largely  microscopical. 

Coffee. 
One  hundred  and  thirty-six  samples  of  cofiee  were  analyzed,  11 
of  which  were  found  to  be  adulterated,  the  adulterants  found  being 
peas,  wheat,  chicory  and  pea  hulls.  The  worst  sample  examined 
had  less  than  40  per  cent,  of  pure  cofiee,  the  rest  being  peas,  pea 
hulls  and  chicory. 

Confectionery . 
Of  the  68  samples  examined  only  3  were  found  to  be  adulterated, 
these  being  chocolate  candies  colored  with  oxide  of  iron. 
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Cream  of  Tartar. 

Methods. — Two-tenths  of  a  gramme  of  the  sample  is  weighed 
out,  dissolved  in  hot  water  and  titrated  with  tenth  normal  sodium 
hydroxide,  using  phenol  phthalein  as  an  indicator.  If  the  sample  is 
pure,  it  should  require  for  neutralization  10.95  cubic  centimeters  of 
the  alkali.  An  adulterated  cream  of  tartar  will  almost  invariably 
fail  to  dissolve  in  hot  water.  If  the  adulterant  be  alum,  however, 
the  sample  would  go  into  solution,  but  the  alum  would  be  precipi- 
tated by  the  sodium  hydroxide,  the  precipitate  being  soluble  in  an 
excess  of  the  alkali.  The  starches  are  best  identified  under  the 
microscope  ;  the  mineral  adulterants  by  common  qualitative  tests. 

Three  hundred  samples  of  cream  of  tartar  were  analyzed,  6  of 
which  were  found  to  be  adulterated.  The  adulterants  found  were 
acid  phosphate  of  lime,  gypsum  and  corn-starch.  One  sample  was 
found  containing  no  cream  of  tartar,  being  made  up  entirely  of  the 
adulterants  named. 

Honey. 

All  samples  are  polarized  with  the  Schmidt  &  Haensch  polariscope, 
using  alumina  cream  as  a  clarifier.  Pure  honey  should  polarize  to 
the  left  of  the  zero  point.  The  approximate  per  cent,  of  commercial 
glucose  present  is  computed  by  assuming  a  polarization  of  150  de- 
grees on  the  cane-sugar  scale,  as  being  the  reading  of  a  normal 
solution*  of  the  particular  grade  of  commercial  glucose  commonly 
used  as  an  adulterant.  The  percentage  of  cane  sugar  is  figured  by 
the  Clerget  formula. 

Sixty-six  samples  of  honey  were  examined,  15  of  these  being  adul- 
terated with  cane  sugar  or  commercial  glucose,  or  both.  In  one  case 
88  per  cent,  of  commercial  glucose  was  found. 

Lard. 

Twenty-two  samples  were  examined,  of  which  5  were  adulterated, 
the  adulterant  being  cotton-seed  oil. 

The  refractometer  is  the  chief  preliminary  test  employed,  and 
has  never  failed  in  indicating  adulterated  samples.  Further  means 
of  detecting  adulterants  consist  in  crystallization  and  examination 
under  the  microscope,  determining  the  iodine  number,  the  Bechi 
reaction,  etc. 

*  26.048  grammes  glucose  made  up  to  100  cubic  centimeters  with  water  and  polarized  in  a 
200  millimeter  tube. 
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Maple  Sugar. 

Physical  methods  are  principally  relied  on  to  recognize  the  ad- 
mixture or  substitution  of  brown  sugar. 

Fifty-eight  samples  were  examined,  6  of  which  contained  brown 
or  molasses  sugar  in  whole  or  in  part. 

Maple  8yrup. 

The  normal  weight  of  pure  maple  syrup,  viz.,  26.048  grammes, 
made  up  to  100  cubic  centimeters  and  polarized  in  a  200  millimeter 
tube,  will  almost  invariably  read  from  60  to  64  degrees  on  the  cane- 
sugar  scale.  A  reading  much  in  excess  of  the  larger  figure  indicates 
commercial  glucose  without  doubt.  Maple  syrups  for  polarization 
can  usually  be  weighed  out  and  diluted  without  the  aid  of  a  clarify- 
ing agent.  As  in  the  case  of  honey,  150  degi'ees  is  assumed  as  the 
polarizing  figure  for  commercial  glucose  for  purposes  of  figuring  the 
percentage  of  the  latter. 

Sixty-three  samples  of  maple  syrup  were  analyzed,  5  being  adul- 
terated with  commercial  glucose,  or  with  cane  syrup  other  than 
maple. 

Molasses. 

In  making  up  a  solution  of  the  normal  weight  of  molasses  for 
polarizing,  sub-acetate  of  lead  is  used  as  a  clarifying  agent.  If  the 
molasses  is  of  average  color  its  normal  solution  should  polarize  at 
less  than  60  degrees  on  the  cane-sugar  scale  in  the  200  millimeter 
tube.  If  any  sample  exceeds  this  figure  it  should  be  further  exam- 
ined for  commercial  glucose  by  inversion.  If  the  sample  is  very 
dark  in  color  it  should  polarize  considerably  lower  than  60  degrees. 

Of  176  samples  examined,  29  were  found  adulterated  with  com- 
mercial glucose,  the  worst  adulterated  sample  containing  78.6  per 
cent. 

Syrup. 

Under  this  heading  are  included  the  table  syrups,  known  as 
"Sugar  House  Molasses "  or  "Golden  Drip"  syrup,  of  which  6 
samples  were  examined,  5  of  them  being  found  to  contain  commer- 
cial glucose  ;  also  two  samples  of  fruit  syrups,  both  of  which  were 
found  preserved  with  salicylic  acid.  Sugar-house  syrup  should,  like 
molasses,  have  for  a  normal  solution  a  reading  not  higher  than  60 
degrees  on  the  cane-sugar  scale,  using  the  200  millimeter  tube. 
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Tea. 

The  percentage  of  ash  in  a  tea  is  the  most  ready  means  of  de- 
termining its  purity,  in  so  far  as  its  adulteration  with  foreign  min- 
eral matter  and  dirt  of  various  kinds  is  concerned.  The  ash  of  a 
good  sample  should  not  exceed  7|-  per  cent.  The  tea  is  further  ex- 
amined by  soaking  the  leaves  in  boiling  water,  which  opens  them 
out,  so  that  their  nature  is  readily  apparent.  Stems  and  fragments 
are  then  easily  recognized,  as  well  as  foreign  leaves,  if  present. 

Of  66  samples  of  tea  examined,  25  were  found  with  admixtures  of 
stems,  fragmentary  leaves  and  dirt  of  various  descriptions,  but  none 
contained  foreign  leaves. 

Toys. 

A  number  of  highly  colored  imported  toys,  such  as  dolls  and 
wooden  playthings  of  various  kinds,  especially  such  as  would  be 
used  by  very  young  children,  have  been  examined  for  arsenic  and 
other  poisonous  colors,  but  were  found  invariably  free  from  any- 
thing at  all  harmful.  Lead  pigments,  as  chrome  yellow  and  red 
lead,  were  found  in  several  iron  mechanical  toys  used  by  older 
children,  who  could  hardly  be  expected  to  be  injured  thereby.  It 
is,  indeed,  a  common  practice  to  use  such  pigments  in  this  class  of 
toys. 

Nine  samples  of  toys  were  examined,  4  of  them  being  mechanical 
toys  in  which  chrome  yellow  or  red  lead  were  found. 

Vanilla  Extracts. 

Method  for  Estimation  of  Vanillin.*  — Two  cubic  centimeters  of 
the  vanilla  extract  are  measured  into  a  test  tube  and  sufficient  freshly 
precipitated  lead  hydrate  is  added  to  completely  decolorize.  The 
mixture  is  washed  on  to  a  filter,  and  filtrate  and  washings  are  col- 
lected in  a  Nessler  tube.  Bromine  water  is  then  added,  after  which 
enough  of  a  freshly  prepared  10  per  cent,  ferrous  sulphate  solution 
is  added  to  get  the  maximum  bluish-green  color  that  will  be  pro- 
duced if  vanillin  is  present. 

A  standard  solution  is  prepared  by  dissolving,  say  50  milligrammes 
of  pure  vanillin  in  100  cubic  centimeters  of  water.  A  series  of  color 
standards  is  then  made,  taking  for  instance,  \,  1,  1^,  2,  2\,  3,  etc., 
cubic  centimeters  of  the  vanillin  solution  in  Nessler  tubes,  each  being 

*  Zeitschrift  fur  Anal.  Chemie,  1894,  p.  242. 
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treated  with  two  or  three  drops  of  bromine  water,  and  with  the  ferrous 
sulphate  solution,  and  made  up  to  the  50  cubic  centimeter  mark. 

The  lead  hydrate  is  prepared  by  dissolving  200  grammes  of  lead 
acetate  in  850  cubic  centimeters  of  water.  The  solution  is  filtered, 
a  strong  solution  of  potassium  hydroxide  is  added  in  excess,  and  the 
precipitated  hydrate  is  washed  thoroughly  several  times  by  decanta- 
tion. 

Coumarin  is  estimated  by  taking  25  cubic  centimeters  of  the  ex- 
tract and  evaporating  oflf  the  alcohol  on  the  water  bath,  keeping  up 
to  the  original  volume  with  water.  The  solution  is  then  put  in  a 
separatory  funnel  and  shaken  with  ammonia  water,  which  forms  an 
ammonium  compound  with  the  vanillic  aldehyde  insoluble  in  ether. 
Three  or  four  extractions  are  then  made  with  ether.  The  combined 
ether  extracts  are  evaporated  in  a  tared  platinum  dish  at  a  tempera- 
ture not  exceeding  50  degrees  Centigrade  in  the  oven.  The  residue, 
if  purely  crystalline,  is  weighed  as  coumarin.* 

Sixty-eight  samples  of  vanilla  extracts  were  examined,  of  which 
35  were  adulterated,  by  reason  of  the  presence  of  coumarin,  or  of 
insufficient  vanillin,  or  as  not  being  extracts  of  the  vanilla  bean.  In 
a  number  of  cases  no  vanillin  whatever  was  found,  such  samples 
owing  their  flavoring  efficiency  entirely  to  the  cheaper  coumarin 
derived  from  the  tonka-bean. 

The  following  table  shows  the  results  of  the  examination  of  the 
various  brands  of  vanilla  extracts  collected  during  the  year :  — 

Vafiilla  Extracts. 


O 

a 

3 
O 

O 

o  S 
^3£ 

-2 

o 

M 

c 

|.=  a 

So 

.000 

25 

10 

.000 

45 

25 

.000 

55 

20 

.000 

61 

25 

.104 

52 

12 

.000 

45 

10 

.120 

47 

10 

.000 

60 

25 

.000 

40 

10 

Manufacturer's  Name  and  Address. 


A.  &  P.,      .        .    ■    . 
Acme,         .        .        .        , 
Baker's,      .        .        .        . 
Bardwell's  Extra  Strong, 
Beehive,     .        .        ,        . 

Best, 

Blackstone, 

Burnett's,  .        ,        .        . 

Charlton's, 


The  Great  Atlantic  and  Pacific  Tea  Com- 
pany, New  York. 
Edwin  J.  Gillis  &  Co.,  New  York. 

Baker  &  Co.,  Springfield. 

J.  C.  Bardwell  &  Co. 

Geo.  D.  Emerson  &  Co.,  Boston. 

Edwards  &  Co.,  Boston. 

Blackstone  Extract  Company,  Boston, 

Joseph  Burnett  Company,  Boston. 

E.  P.  Charlton,  Fall  River. 


*  Hess  &  Prescott,  Jour.  Am.  Chem.  Soc,  Vol.  XXT.,  p.  256. 
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Vanilla  Extracts  —  Continued. 


Brand. 

c 

1 

Q 
C  u 

a 

3 
O 

a 

go 

o  o    . 

111 

o 

O  m 

Manufacturer's  Name  and  Address. 

Celebrated  Champion,      . 

.000 

_* 

44 

5 

Celebrated  Champion,     . 

.013 

.000 

45 

5 

Concentrated, 

.000 

_* 

45 

7 

Myrtle  Extract  Company,  Boston. 

Concentrated, 

.040 

.074 

42 

10 

Concentrated  Extract,      . 

.000 

.172 

100 

10 

Concentrated  Extract, 

.000 

.024 

41 

10 

B.  Fish  &  Co.,  Portland.'Me. 

Concentrated  XX,     .... 

.025 

.092 

45 

10 

Highland  Extract  Company. 

Condell'a  Extra  Fine, 

.000 

.330 

47 

10 

H.  W.  Spurr  &  Co.,  Boston. 

Colton's  Select,         .... 
Compound  Extract, 

.088 
.150 

.000 
.000 

60 

48 

25 
15 

J.  W.  Colton,  New  York,  Boston  and 

Chicago. 
Crosby  &  Co.,  Boston. 

Compound  Extract 

Diamond  Pure  Food, 

.100 
.050 

.000 
.000 

40 
40 

10 

Union    Wholesale    Grocery   Company, 
Claremont,  N.  H. 

Double  Concentrated  Extract, 

.040 

.000 

45 

10 

Tremont  Extract  Company,  Boston. 

Dr.  Price's 

Eclipse 

.075 
.200 

.000 
.000 

61 

45 

25 
10 

Price  Flavoring  Extract  Company,  New 

Tork  and  Chicago. 
J.  E.  P.  Fearing. 

Empire  State, 

.025 

.064 

65 

10 

Folkin's  Compound, 

.050 

_* 

40 

10 

J.  H.  Folkins,  Chelsea. 

Fosb's  Pure 

French's  Genuine,    .... 

.125 
.050 

.000 
.000 

60 
36 

25 
15 

Schlotterbeck  &  Foss  Co.,  New  Tork 

and  Chicago. 
French,  Rochester,  N.  Y. 

German,    ...... 

.000 

_* 

43 

- 

Globe, 

.100 

.000 

83 

- 

Globe  Extract  Company. 

Golden  Cup, 

.163 

.000 

48 

10 

Tremont  Extract  Company. 

Golden  Rod 

Grand  Union  Tea  Co  ,     . 

Gray's 

.019 
.025 
.100 

.052 
.072 
.000 

45 
57 
36 

10 

20 
10 

Miami   Manufacturing  Company,  New 

York. 
Grand  Union  Tea  Company,  Brooklyaj- 

Good  Value, 

.034 

.096 

47 

10 

Good    Value   Extract   Company,    New 

York. 
B.  Hartshorn  &  Sons,  Boston. 

Hartshorn's  Highly  Concentrated, . 

.075 

.000 

70 

15 

Holbrook's, 

.250 

.000 

40 

10 

8.  B.  Holbrook,  Boston. 

Kellog's  Pure 

.150 

.000 

55 

25 

P.  P.  Adams  &  Co.,  Boston. 

Keystone, 

.075 

.000 

46 

10 

Kidder's  Concentrated,    . 

.000 

.080 

40 

10 

Kidder  &  Co.,  Boston. 

Knickerbocker 

.006 

.034 

33 

10 

Mathews  Diamond,  .        .        .        . 

.025 

.000 

63 

23 

A.  I.  Mathews,  New  York. 

Metcalf  8  Water  White, f 

.250 

.000 

60 

25 

T.  Metcalf  Co.,  Boston. 

*  Considerable. 


■f  Artificial.    Marked  "  compound." 
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Vanilla  Extracts  —  Concluded. 


a  _!_ 
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U 

Hi 
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58 

30 

28 

15 

55 

- 

40 

13 

44 

10 

45 

10 

46 

12 

43 

15 

42 

10 

35 

10 

36 

15 

58 

23 

45 

17 

45 

12 

35 

10 

45 

15 

32 

10 

50 

15 

60 

25 

50 

10 

43 

20 

75 

15 

Manufacturer's  Name  and  Address. 


Miner'8  No.  1,   . 
Mrs.  Bradford's  Pure, 
Nickel  Concentrated,        . 
Oriental,    .... 
Oriental  Pure  Concentrated, 
Parlor  City, 
Perkins'  High-proof, 
Pure  Concentrated,  . 
Pure  Concentrated,  . 
Pure  Concentrated,  . 

Puritan 

BuBsell's  Highest  Grade, 

Standard  Quality,     . 

Standard  Fruit  Extract  Company, 

Stickney  &  Poor's  Best, 

Strictly  Pure,    . 

Superior,   . 

Superior,   . 

Taylor's  Pure,  . 

Trumbull  &  Co., 

Waldorf.t . 

Williams'  Choice, 

Winner,     . 


.063 
.225 
.038 
.030 


.025 
.019 
.025 

-t 
.025 
.019 
.250 
.087 
.125 
.113 
.100 
.100 
.025 


.019 
.013 
.125 
.013 


.019 


.025 
.100 


.000 
.000 
.064 
.054 
.000 
.092 


.060 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.144 
.000 
.000 
.053 
.080 
.000 
.112 
.000 
.000 


B.  F.  Miner,  Montague,  Mass. 

Mrs.  M.  J.  Bradford,  Claremont,  N.  H. 


H,  W.  Spurr  Specialty  Company,  Bos- 
ton. 
Oriental  Drug  Company,  Boston. 

Parlor  City  Extract  Works. 

Thomas  Perkins  &  Co.,  Boston. 

Eagle  Extract  Company,  Boston. 

W.  H.  Murphy,  Boston. 

Parlor  City  Extract  Company,  Bingham- 

ton,  N.  T. 
R.  P.  Hoagland,  Boston. 

C.  H.  Russell,  Boston. 

Samuel  Stuart  Extract  Company,  Hart- 
ford, Conn. 
Salem  Chemical  and  Supply  Company. 

Stickney  &  Poor  Spice  Company,  Bos- 

ton. 
C.  A.  Dudley,  Boston. 

Hall  &  Co.,  Portland,  Me. 

Hall  &  Co.,  Portland,  Me. 

Taylor  Extract  Company,  Portland,  Me. 

Trumbull  &  Co.,  Hartford,  Conn. 


Williams  &  Carlton  Co.,  Hartford,  Conn. 
J.  F.  Nickerson  Co. 
Leo  Freres  &  Co. 


*  Considerable.  t  Trace. 

J  Labelled  "compound;"  vanilla,  1.00;  tonka,  2.70;  aqua,  4.84;  sugar,  1.44. 


The  artificial  vanillin  which  many  of  the  above  preparations  con- 
tain lacks  much  of  the  valuable  flavor  possessed  by  true  extracts  of 
the  vanilla  bean.  The  amount  of  alcohol  by  weight  found  in  these 
extracts  was  found  to  vary  from  5  to  30  per  cent. 
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Vinegar. 

For  the  total  solids,  5  grammes  are  evaporated  in  a  platinum  dish  in 
direct  contact  with  the  live  steam  of  a  boiling  water  bath  for  at  least 
an  hour  and  a  half.  The  acidity  is  determined  by  titrating  6  cubic 
centimeters  of  the  vinegar  with  decinormal  sodium  hydroxide,  using 
phenol  phthalein  as  an  indicator.  The  percentage  of  acetic  acid  is 
exactly  one-tenth  of  the  number  of  cubic  centimeters  ot  alkali  re- 
quired for  neutralization.  Sulphates,  chlorides  and  calcium  are 
tested  for  by  usual  qualitative  processes.  Vinegar  solids  are  some- 
times reinforced  by  apple  pomace,  which  in  most  cases  has  been 
wholly  exhausted  of  malic  acid.  This  sophistication  is  rendered 
apparent  by  a  careful  examination  of  the  reducing  sugar  and  of  the 
ash.  According  to  Dr.  William  Frear,  any  vinegar  in  which  more 
than  50  per  cent,  of  its  total  solids  is  reducing  sugar  may  properly 
be  condemned  as  having  unfermented  sugar-containing  material,  and 
it  may  be  safely  assumed  that  if  the  ash  of  the  vinegar  is  less  than 
10  per  cent,  of  the  total  solids,  it  may  be  suspected  of  having  added 
unfermented  material,  while  a  per  cent,  of  ash  less  than  6  is  absolute 
evidence  that  the  vinegar  is  not  a  genuine  cider  vinegar.* 

Vinegar  is  best  tested  for  malic  acid  by  acetate  of  lead. 

Of  the  commonly  used  foods  vinegar  is  still  by  far  the  most  adul- 
terated. The  following  table  shows  the  results  of  vinegars  tested 
during  the  year  as  to  acidity  and  total  solids,  but  does  not  indicate 
the  number  adulterated  whose  solids  and  acidity  conform  to  the 
standard.  As  usual,  the  full-faced  type  indicates  those  samples 
that  fall  below  the  legal  standard. 


Vinegar, 


Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

of 

of 

of 

of 

of 

of 

of 

of 

Acetic  Acid. 

Solids. 

Acetic  Acid. 

Solids. 

Acetic  Acid. 

Solids. 

Acetic  Acid. 

Solids. 

7.32 

0.76t 

4.94 

1.68 

4.70 

2.50 

4.46 

2.48 

5.80 

2.00 

4.86 

2.40 

4.80 

1.46 

4.40 

3.04 

5.34 

-t 

4.84 

1.48 

4.60 

1.83 

4.34 

3.38 

5.30 

-J 

4.82 

2.71 

4.62 

2.43 

4.32 

3.40 

5.18 

3.36 

4.80 

2.37 

4.55 

1.46 

4.16 

0.17 

5.14 

3.00 

4.80 

2.54 

4.60 

2.25 

4.06 

3.04 

5.10 

3.28 

4.70 

2.20 

4.50 

2.70 

3.96 

1.70 

5.09 

0,47 

4.70 

2.34 

4.50 

2.50 

3.74 

1.63 

5.00 

3.76 

4.70 

2.10 

4.50 

1.28 

3.64 

3.26 

5.00 

3.40 

4.74 

2.00 

4.48 

1.60 

3.56 

1.50 

5.00 

2.63 

4.70 

2.01 

4.64 

2.95 

" 

*  Report  of  the  Pennsylvania  Department  of  Agriculture,  1898,  p.  138. 
t  Malt  vinegar,  %  Whlte-wlne  vinegar. 


634 


STATE   BOAED   OF   HEALTH.  [Pub.  Doc. 


jSpices. 
Of  all  the  foods  regularly  examined  by  the  department,  spices  con- 
stitute a  class  least  subject  to  variation.  Reasons  have  already  been 
given  to  account  for  the  fluctuation  of  the  milk  curve  in  Fig.  1 ,  and 
for  the  general  food  curve  in  Fig.  2,  but  the  variation  in  adultera- 
tion of  spices  shows  very  nearly  an  even  curve,  gradually  decreasing 
from  68  per  cent,  of  adulteration  in  1883,  to  nearly  a  constant  level 
of  less  than  15  per  cent,  through  the  last  five  years.  The  following 
diagram  shows  the  variation  in  percentage  of  adulterated  samples  of 
spices  examined  during  the  last  seventeen  years  :  — 


S  60 
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'83       '84      -85       -86       '37      '86       '39       '90       '91       '9Z     '93       '94       '95      '96      '97 
Fig.  3.    Showing  Variation  in  Spice  Adulteration  from  Year  to  Year. 
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While  all  authorities  agree  that  such  absolutely  foreign  ingredients 
in  spices  as  cereals  and  inert  filling  materials  should  always  be  con- 
sidered as  adulterants,  there  is  some  difierence  of  opinion  as  to  how 
such  substances  as  mustard  hulls,  clove  stems,  pepper  dust  and  wild 
mace,  some  of  which  are  often  present  as  impurities  in  carelessly 
prepared  ground  spices,  should  be  classed.  Strictly  speaking,  each 
spice  should  be  entirely  free  from  the  substances  mentioned.  It  is 
very  difficult,  however,  to  find  mustard  which  does  not  contain  a  few 
hulls,  and  cloves  entirely  free  from  their  stems.  When  these  sub- 
stances are  present  in  very  small  amount,  and  the  spices  are  other- 
wise pure,  they  are  not  considered  as  adulterants,  but  when  they 
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constitute  the  chief  ingredient  of  the  spice  in  question,  such  spices 
should  very  properly  come  under  the  adulterated  class,  and  are  so 
considered. 

The  microscope  furnishes  the  principal  means  for  the  detection  of 
foreign  substances  in  spices.  Perhaps  in  no  class  of  goods  has  the 
scientific  adulteration  of  food  been  carried  to  such  an  extent  as  in 
spices.  In  many  cases,  not  only  the  appearance,  but  also  the  taste 
of  the  skilfully  adulterated  article  are  so  closely  counterfeited  as 
even  to  deceive  the  expert.  Not  only  does  the  spice  often  resem- 
ble in  physical  appearance  the  color  and  taste  of  the  genuine  article, 
but  even  the  microscopical  appearance  is  intended  to  deceive.  Va- 
rious inert  barks,  for  instance,  resemble  in  some  degree  the  cassia 
bark  in  structure.  Sawdust  of  soft  wood  is  not  unlike  the  wood  fibre 
of  the  ground  ginger  root,  and  buckwheat  starch  might  possibly  be 
mistaken  under  the  microscope  for  pepper  starch  to  a  casual  ob- 
server. A  careful  examination,  however,  will  not  fail  to  distinguish 
the  difference  in  appearance  between  the  pure  and  the  adulterated. 

Allspice.  —  One  hundred  and  fifty-eight  samples  were  examined, 
of  which  13  were  adulterated,  the  adulterants  found  being  peas,  pea 
hulls  and  roasted  wheat.  One  sample  contained  75  per  cent,  of  these 
foreign  ingredients. 

Cassia.  —  Of  the  190  samples  collected  and  examined,  12  were 
impure,  the  adulterated  samples  being  found  to  contain  foreign  bark, 
pepper,  ginger,  peas,  pea  hulls  and  ground  fruit  stones.  One  sample 
consisted  almost  entirely  of  wheat-bran,  turmeric  and  undetermined 
dirt  or  sweepings.  Another  contained  50  per  cent,  of  ground  olive 
stones. 

Cayenne.  — Twenty-eight  samples  were  analyzed,  5  of  which  were 
adulterated.  One  consisted  almost  wholly  of  mustard  hulls  and 
husks  colored  with  red  ochre,  and  another  consisted  chiefly  of  corn- 
starch and  red  wood,  with  only  a  minute  trace  of  cayenne. 

Cloves.  —  One  hundred  and  seventy-two  samples  were  examined, 
of  which  22  were  adulterated.  The  adulterants  found  were  clove 
stems,  turmeric,  ginger,  wheat,  allspice,  olive  stones  and  nut  shells. 
One  sample  contained  25  per  cent,  of  peas  and  pea  hulls,  another 
40  per  cent,  of  peas,  nut  shells  and  foreign  wood  fibre. 

Ginger.  — Two  hundred  and  eight  samples  were  examined,  17  of 
which  were  adulterated.    One  sample  contained  60  per  cent,  of  buck- 
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wheat,  turmeric,  wheat  and  ground  fruit  stones.     Rice  was  also  found 
as  an  adulterant  of  ginger. 

Mace.  —  Sixty-one  samples  were  examined,  of  which  14  were  adul- 
terated. One  sample  contained  50  per  cent,  of  wild  mace ;  another 
was  found  to  have  50  per  cent,  of  corn-starch  and  wild  mace.  Other 
adulterants  found  were  wheat,  cassia,  ground  stems  and  ginger. 

There  would  seem  to  be  no  doubt  that  the  false  or  wild  mace 
{myristica  fatua)  should  be  considered  an  adulterant,  in  view  of  the 
fact  that  it  is  devoid  of  taste  and  aroma.  Wild  mace  is  readily 
recognized  under  the  microscope,  and  it  may  also  be  detected  by 
Hefelmann's  test,  which  consists  in  saturating  a  strip  of  filter  paper 
with  an  alcoholic  solution  of  the  mace,  removing  the  excess  of  liquid 
by  pressure  between  filtering  paper.  On  treating  with  a  drop  of 
potassium  hydroxide  solution,  a  red  color  is  produced  in  the  presence 
of  the  wild  mace.* 

Mustard. — Two  hundred  and  fifty-one  samples  were  examined, 
67  of  which  were  found  to  be  adulterated.  One  sample  contained 
as  high  as  80  per  cent,  of  wheat,  corn,  turmeric  and  mustard  hulls. 
Another  consisted  almost  wholly  of  rice,  wheat  and  turmeric.  Other 
adulterants  found  were  buckwheat,  ground  nut  shells  and  cayenne. 

Mustard  is  the  most  commonly  adulterated  of  all  spices.  The  old 
notion  seems  to  be  still  alive  that  a  certain  amount  of  wheat  flour  is 
necessary  in  mustard  to  prevent  lumping.  This  may  account  for  the 
large  number  of  samples  found  adulterated  with  wheat,  as  well  as 
the  fact  that  wild  mustard  often  grows  in  the  wheat  fields  in  many 
localities,  so  that  after  the  wheat  crop  has  been  harvested  the  mus- 
tard is  gathered  in  and  sold  to  certain  dealers.  Such  mustard  would 
necessarily  contain  a  small  admixture  of  wheat. 

Nutmeg. — Two  were  found  adulterated  out  of  the  20  samples 
examined.     Both  contained  small  admixtures  of  wheat. 

Pepper.  —  Three  hundred  and  twenty-nine  samples  were  exam- 
ined, of  which  24  were  adulterated.  Ground  fruit  stones,  nut 
shells,  charcoal,  cayenne,  wheat  and  buckwheat  were  the  adulterants 
found.  One  sample  contained  85  per  cent,  of  the  last  two  ingredi- 
ents ;  another  60  per  cent,  of  ground  olive  stones. 

*  Pharm.  Zeit.,  1891. 
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Preservatives  in  Food. 

Six  different  preservatives  have  been  found  in  the  various  foods 
and  drugs  examined  during  the  year.  These  preservatives  are  sali- 
cylic acid,  benzoic  acid,  boracic  acid,  sodium  acid  sulphite  and  formic 
aldehyde.  Each  of  these  preservatives  seems  to  possess  antiseptic 
qualities  best  adapted  to  certain  classes  of  food. 

The  following  table  shows  the  results  of  the  examination  of  classes 
of  foods  most  apt  to  contain  foreign  preservatives  :  — 

Table  of  Preserved  Foods. 


Number  of 
Samples 
examined. 

Total 
Number 
preserved. 

NuMBEK  OP  Samples  Peeserved  with—    | 

Chaeactee  of  Food. 

Salicylic 
Acid. 

Benzoic 
Acid. 

Boracic 
Acid. 

Sodium 

Acid 
Sulphite. 

Formic 
Aldehyde, 

of 
Preserved 
Samples. 

Sweet  cider. 
Strawberry  jam. 
Lime  juice,  . 
Ketchup, 
Fruit  syrup. 
Cream, 
Codfish, 
Oysters, 

9 
1 

12 
39 

2 
23 
25 

6 

5 

1 

10 

28 

2 

6 

11 

6 

5 

1 

6 

15 

2 

13 

4 
11 

6 

4 

2 

55.6 
100.0 
83.3 
71.8 
100.0 
26.1 
44.0 
100.0 

Summary, 

119 

71 

31 

13 

21 

4 

2 

59.6 

Salicylic  acid  seems  to  be  adapted  for  preserving  a  wider  range 
of  foods  than  any  of  the  other  commonly  used  antiseptics.  It  is 
most  often  found  in  table  sauces  (including  ketchups,  chili  sauce, 
and  the  like),  in  summer  beverages,  jellies,  jams,  fruit  syrups,  and 
also  various  food  preparations  for  invalids,  such  as  clam  bouillon, 
grape  juice  and  various  beef  preparations. 

Next  to  salicylic,  boracic  acid  seems  to  be  the  favorite  preserva- 
tive. This  is  found  in  such  foods  as  codfish,  oysters  and  sausages, 
as  well  as  in  milk  and  cream. 

Sodium  acid  sulphite  has  been  found  this  year  only  in  lime  juice. 

Benzoic  acid  seems  to  be  best  adapted  for  such  table  condiments 
as  ketchup,  13  samples  of  which  were  found  preserved  with  it. 

All  of  the  samples  of  oysters  brought  in  for  examination  were 
found  to  contain  boracic  acid. 

According  to  the  British  food  journals  it  is  apparently  a  common 
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practice  in  some  localities  to  preserve  bacon  with  boracic  acid.  A 
number  of  samples  of  bacon  have  been  examined  in  this  laboratory 
and  found  to  be  free  from  preservative. 

Miscellaneous  Articles  of  Food. 

Following  is  a  list  of  miscellaneous  food  preparations  examined 
and  found  to  be  of  good  standard  quality  :  — 

Almond  extract,  arrow-root,  bacon,  bread  (suspected  of  contain- 
ing poison),  buttermilk,  celery  salt,  chicken  giblets  (canned),  choco- 
late icing,  cocoanut  (shredded),  cream  custard,  curry  powder,  flour, 
food  color,  food  (suspected  of  containing  poison) ,  grape  nuts,  junket, 
horse-radish,  "KoflTeko"  (a  coffee  substitute),  lemonade  tablets, 
lemon  extract,  marjoram,  marmalade,  orange  cider,  peanut  butter, 
rice,  sausage,  sugar,  thyme,  vermicelli. 

Additional  miscellaneous  articles  worthy  of  comment  as  being 
found  in  more  or  less  deo-'ree  adulterated  are  the  followino; :  — 

Baking  Powder.  —  Alum  in  baking  powder  is  tested  for  by  burn- 
ing a  small  quantity  of  the  sample  to  an  ash,  which  is  then  treated 
with  boiling  water  and  filtered.  If  on  the  addition  of  ammonium 
chloride  to  the  filtrate  a  flocculent  precipitate  is  formed,  this  will 
indicate  the  presence  of  alum  in  the  sample.  In  this  process  the 
bicarbonate  of  soda,  always  present  in  baking  powder,  forms  with 
the  alum,  if  present,  sodium  aluminate,  which  is  soluble  in  water, 
and  the  aluminum  is  precipitated  in  the  form  of  the  hydrate  on  treat- 
ment with  ammonium  chloride.  The  test  is  thus  applicable  in  pres- 
ence of  phosphates. 

Twenty-five  samples  of  baking  powder  were  examined,  of  which 
16  were  found  to  contain  alum. 

Following  is  a  list  of  the  alum  brands  of  baking  powder  found 
during  the  year  :  — 

Brands  of  Baking  Powder  containing  Alum, 
Boston,  Donlon  &  Co.,  Dry  Yeast,  Eagle,  Franklyn,  I.  C,  Jaques,  Crescent,  Mas- 
cot, Quaker  City,  Union,  White  Star,  Town  Talk. 

It  is  a  common  practice  for  manufacturers  of  cream  of  tartar 
baking  powder  to  label  their  package  somewhat  as  follows;  "All 
grocers  are  fully  authorized  to  guarantee  this  powder  free  from  alum, 
ammonia,  lime  or  any  other  adulterant." 

The  "  Boston  Baking  Powder"  is  put  out  in  cans  having  on  the 
bottom  the  following  label :    "  All  grocers  are  authorized  to  guaran- 
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tee  bread,  cake,  pastry  and  all  other  products  made  wherein  our 
powder  is  used  free  from  alum,  lime,  ammonia,  terra  alba,  rochelle 
salts  or  anything  injurious  as  a  result  of  its  use." 

As  a  matter  of  fact,  this  brand  of  powder  contains  alum,  calcium 
sulphate  (terra  alba)  and  ammonia.  The  label  is  somewhat  ingeni- 
ous, for  it  will  be  noticed  that  grocers  are  not  authorized  to  guarantee 
ih.Q  powder  to  be  free  from  these  products,  but  what  they  do  guaran- 
tee is  that  bread,  cake  and  pastry  made  from  this  powder  are  free 
therefrom.  This  statement  is  partially  true  in  that  the  alum  present 
in  the  baking  powder  ceases  to  be  alum  when  found  in  the  bread, 
having  been  transformed  into  aluminum  hydrate,  and,  moreover,  that 
while  ammonia  is  present  in  the  baking  powder,  it  is  not  found  in  the 
bread,  having  been  driven  off  by  the  process  of  baking. 

Baking  Soda  or  Saleratus. — Eleven  samples  were  examined,  2 
of  which  contained  appreciable  quantities  of  salt. 

Blanc  Mange  (^Vanilla). — The  sample  examined  consisted  of 
corn-starch,  flavored  with  coumarin,  no  vanilla  being  found. 

Older.  —  Nine  samples  of  sweet  bottled  cider  were  examined,  of 
which  5  contained  salicylic  acid. 

Cider  Jelly.  —  Of  the  4  samples  examined,  2  contained  salicylic 
acid. 

Codfish. — Twenty-five  samples  of  salt  codfish  were  examined,  11 
of  which  were  found  preserved  with  boracic  acid. 

The  following  brands,  with  the  names  and  addresses  of  the  manu- 
facturers, were  found  to  be  thus  preserved  :  — 


Salt  Codfish  preserved  with  Boracic  Acid. 


Brand. 


Manufacturer. 


Address. 


Gorton  Fish  Cake, 

White  Lilly 

Nanticoke,     .        . 

Silver  Brand 

Knox-all  Fleecy,  .... 

Beardsley's  Shredded, 

Gilded  Dome  Threads  of  Codfish, 


Slade,  Gorton  &Co., 
D.  J.  Harrigan, 
D.  J.  Harrigan, 


Henry  B.  Teed, 

J.  W.  Beardsley's  Sons, 

Pierre,  Austin  &  Co., 


Gloucester. 
East  Boston, 
East  Boston. 


New  York. 
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Besides  the  above,  several  samples  of  codfish  in  bulk  (unbranded) 
were  found  preserved  with  boracic  acid. 

Gluten.  —  Nearly  all  the  samples  of  this  preparation  were  found 
to  contain  starch  (see  "  Diabetic  Flour"  under  "  Drugs  "). 

Jam.  —  The  single  sample  of  strawberry  jam  examined  was  found 
to  contain  salicylic  acid. 

Ketchup.  —  For  the  detection  of  salicylic  acid  or  benzoic  acid  in 
ketchup,  a  portion  of  the  sample  is  shaken  with  ether,  and  if  an 
emulsion  is  formed  it  can  be  most  readily  separated  in  a  centrifuge 
of  the  Robinson  type.  The  ether  extract  is  poured  into  a  separatory 
funnel,  treated  with  ammonium  hydrate,  and  shaken.  The  ammonia 
extract  is  drawn  ofi"  and  evaporated  on  a  water  bath  until  all  the 
ammonia  gas  has  escaped.  The  solution  is  then  treated  with  ferric 
chloride.  A  flesh-colored  precipitate  indicates  the  presence  of  ben- 
zoic acid,  a  purple  coloration,  salicylic. 

Of  the  39  samples  of  ketchup  examined,  28  contained  a  preserva- 
tive, 15  having  salicylic  acid  and  13  benzoic  acid. 

Following  is  a  list  of  brands  of  ketchup  containing  preservative, 
with  the  manufacturer's  name  and  address,  when  given,  and  the  pre- 
servative found  :  — 

Brands  of  Ketchup  containing  Preservative. 


Columbia, 
Tomato  Relish, 
Bull, 

Peerless,* 
Metropolitan  Pure 
Extra  Fine,     . 
Star, 

Halford's, 
Ward's,   . 
Cruikshank's, 
Fulton,     . 

Excellent, 
Home  Made,   . 
Gold  Medal,    . 
Snider's,  . 
Sunnyside, 
Tomato  Catsup, 

Standard,        > 
Superior, 
Tomato  Catsup, 
Green  Label,  . 
Waldorf, 


Manufacturer. 


Mullen  Blackledge  Company,  . 
J.  J.  Reid  Specialty  Company, 
Eagle  Extract  Company,    . 

J.  H.  Folkins  Ss  Co 

J.  Waller  Company,  .        .        .        , 
Halford  Sauce  Company,  . 

E.C.Ward 

Cruikshank  Bros 

Fulton  Relish  Company,   . 
Anchor  Preserving  Company,  . 

C.  H.  Russell 

American  Relish  Company, 

T.  A.  Snider  Preserving  Company, 

Tip  Top  Ketchup  Company,     . 

Lutz  &  Schram  Company, 
Standard  Manufacturing  Company, 

Little  Silver  Sauce  Company,  . 
Williams  Bros.  85  Charbonneau, 


Indianapolis,  Ind., 
Boston,  Mass.,     . 
Boston,  Mass.,     . 

Chelsea,  Mass.,  . 

Cincinnati,  Ohio, 
Boston,  Mass.,  . 
Boston,  Mass.,  . 
Allegheny,  Pa.,  . 
Indianapolis,  Ind., 
Boston,  Mass.,     . 

Boston,  Mass.,     . 
Indianapolis,  Ind., 
Cincinnati,  Ohio, 
Cincinnati,  Ohio, 

Allegheny,  Pa.,  . 
Wheeling,  W.  Va. 


Little  Silver,  N.  Y., 
Detroit,  Mich.,    . 


Preservative 
Found. 


Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Salicylic  acid, 
SHlicylic  acid. 
Salicylic  acid. 
Salicylic  acid. 
Benzoic  acid. 
Benzoic  acid. 
Benzoic  acid. 
Benzoic  acid. 
Benzoic  acid. 
Benzoic  acid. 
Benzoic  acid. 
Benzoic  acid. 
Benzoic  acid. 


*  "  Made  from  selected  goods." 


Lemon  Syrup.  —  One  sample  was  examined  and  found  to  contain 
salicylic  acid. 
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Oysters.  —  Six  samples  were  examined  and  were  found  to  be  pre- 
served with  boracic  acid.  These  were  purchased  from  the  following 
dealers  :  New  England  Oyster  Company,  The  C.  W.  Badger  Oyster 
Company,  Norfolk  Oyster  Company,  Atwood  &  Bacon,  B.  Atwood 
&  Co.,  and  H.  &  R.  Atwood,  all  of  Boston. 

The  oysters  purchased  were  in  all  cases  of  the  class  sold  to  the 
trade  in  barrels  and  kegs.  Oysters  of  this  class  are,  as  will  be  seen, 
very  liable  to  contain  added  preservative. 

^^  Preserv aline  "  —  This  is  a  food  preservative  consisting  of  sali- 
cylic acid. 

Sage. — Three  samples  were  examined,  1  of  which  was  found  to 
contain  a  small  admixture  of  wheat. 

Strawberry  Syrup.  —  One  sample  was  examined  and  found  to  be 
preserved  with  salicylic  acid. 


Summary  of 

Statistics  of  Food  exclusive  of  Milk. 

Foods. 

Genuine. 

Adulterated. 

Total. 

Per  Cent,  of 
Adulteration. 

Allspice, 

145 

13 

158 

8.2 

Butter,      . 

220 

9 

229 

3.9 

Canned  goods, 

40 

16 

56 

28.6 

Cassia, 

178 

12 

190 

6.3 

Cayenne, . 

23 

5 

28 

17.8 

Cheese,     . 

34 

_ 

34 

_ 

Chocolate, 

15 

21 

36 

58.3 

Cloves,     . 

150 

22 

172 

12.8 

Coffee,      . 

125 

11 

136 

8.1 

Condensed  milk. 

45 

_ 

45 

_ 

Confectionery, 

65 

3 

68 

4.4 

Cream  of  tartar. 

294 

6 

300 

2.0 

Ginger,     . 

191 

17 

208 

8.2 

Honey, 

51 

15 

66 

22.7 

Lard, 

17 

5 

22 

22.8 

Mace, 

47 

14 

61 

22.9 

Maple  sugar,   . 

52 

6 

58 

10.3 

Maple  syrup,    . 

58 

5 

63 

7.9 

Miscellaneous, 

106 

63 

169 

37.3 

Molasses, 

147 

29 

176 

16.5 

Mustard,  . 

184 

67 

251 

22.7 

Nutmeg,  . 

18 

2 

20 

10.0 

Pepper,    . 

305 

24 

329 

7.3 

Syrup, 

1 

7 

8 

87.5 

Tea, . 

41 

25 

66 

37.9 

Toys, 

5 

4 

9 

44.4 

Vanilla  extracts. 

33 

35 

68 

51.5 

Vinegar,  . 

25 

18 

43 

41.8 

Totals, 

2,615 

454 

3,069 

14.8 
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Drugs. 

With  few  exceptions  the  drugs  brought  in  for  examination  during 
the  year  have  been  the  pharmacopoeial  preparations  regularly  exam- 
ined and  found  on  our  list  for  a  number  of  years.  As  a  rule  all 
drugs  are  purchased  by  the  inspectors,  who  are  provided  with  slips, 
each  containing  from  four  to  six  articles  written  thereon,  these  order 
slips  being  presented  in  the  drug  store  like  prescriptions. 

In  filling  these  orders  some  odd  mistakes  have  been  made  by  drug- 
gists, who  have  in  a  number  of  instances,  through  carelessness  or 
ignorance,  mixed  together  the  drugs  which  were,  of  course,  intended 
to  be  put  up  separately.  Instances  of  this  kind  not  infrequently  oc- 
cur. As  an  example  of  this,  one  sample  was  brought  in  during  the 
year  consisting  of  a  mixture  of  whiskey,  gin,  laudanum  and  distilled 
water.  On  another  occasion,  distilled  water,  hydrobromic  acid,  silver 
nitrate  and  subcarbonate  of  bismuth  were  mixed  together  by  a  drug- 
gist, with  remarkable  results.  It  has  been  found  necessary  on  this 
account  for  the  inspector  to  explicitly  state  at  the  time  of  purchase 
that  the  drugs  specified  on  the  slip  are  wanted  separately  ;  otherwise 
samples  of  "  incompatible  prescriptions,"  like  the  above,  would  con- 
stantly be  received. 

Unless  otherwise  specified,  methods  employed  in  the  examination 
of  the  following  drugs  are  those  specified  in  the  Pharmacopoeia. 

Acidum  Tannicum.  —  Of  the  10  samples  examined,  5  were  found 
to  be  impure  by  reason  of  the  presence  of  resin  or  foreign  gum. 

^ther.  — Two  samples  were  examined  and  both  found  to  contain 
too  much  alcohol. 

Aqua  Ammomce  Fortior.  —  The  single  sample  examined  was 
found  to  contain  insufficient  ammonia  gas. 

Alcohol. — Two  samples  were  tested,  both  of  which  were  pure. 

Aqua  Destillata.  — Of  the  25  samples  analyzed  only  4  were  free 
from  residue. 

The  following  table  shows  the  total  solids  in  parts  per  100,000  of 

the  samples  examined  :  — 

Aqua  Destillata. 

[Total  solids.    Parts  per  100,000.] 

0.0  1.7  4.7  9.7  11.5 

0.0  1.9  4.0  10.6  12.4 

0.0  1.9  6.3  10.7  13.0 

0.7  2.3  6.8  11.0  20.0 

1.7  3.8  8.9  11.5  23.7 
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Argenti  Nitras.  —  Twelve  samples  were  examined,  all  of  which 
were  pure. 

Bismuthi  Suhcarhonas.  —  Eight  samples,  all  of  good  quality, 
were  examined. 

Bismuthi  Suhnitras.  —  Of  the  10  samples  analyzed,  5  were  found 
to  contain  carbonate. 

Calx  Chlorata.  —  All  of  the  samples  examined  were  found  to  be 
far  below  the  standard  of  available  chlorine,  which  should  be  35  per 
cent. 

Following  are  the  brands  examined,  with  the  amount  of  chlorine 
contained  in  each  :  — 

Calx  Chlorata. 


Brand. 

Available 
Chlorine. 

Brand. 

Available 
Chlorine. 

Acme,       .... 
Lion,         .... 

3.00 

7.85 

Red  Star, . 
Witch  City,      . 

25.84 
21.75 

Capsicum.  —  Seventy  samples  were  examined,  10  of  which  were 
found  to  be  adulterated.  One  sample  contained  75  percent,  of  corn 
and  red  wood  ;  another  20  per  cent,  of  wheat  and  corn.  Other  adul- 
terants found  were  ginger  and  turmeric. 

Caryophyllus.  —  The  single  sample  analyzed  was  found  pure. 

Cera  Alba.  —  Three  samples,  all  genuine,  were  examined.  . 

Cera  Flava.  —  Four  samples,  all  genuine,  were  examined. 

Cerii  Oxalas.  — The  single  sample  analyzed  was  found  pure. 

Chloral.  —  One  sample  only,  and  that  a  pure  one,  was  examined. 

Chloroformum. — Four  samples  were  analyzed,  1  of  which  con- 
tained too  much  alcohol. 

Cinnamomum  Cassia. — The  three  samples  examined  were  all 
found  pure. 

Diabetic  Flour.  —  Thirteen  samples  of  this  preparation  were  ex- 
amined for  starch,  and  only  3,  the  product  of  one  manufacturer, 
were  found  to  be  free  from  it ;  the  other  10,  or  nearly  80  per  cent. 
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of  the  samples  collected,  were  found  not  only  to  contain  starch,  but 
that  in  large  quantities,  7  being  found  with  60  per  cent,  or  more  of 
starch.  These  were  in  reality  but  little  better  than  whole  wheat 
flour,  sold  at  prices  varying  from  11  to  50  cents  per  pound.  Many 
of  these  brands  were  put  on  the  market  by  dealers  in  so-called 
'<  health  foods,"  being  in  most  cases  represented  to  be  practically 
free  from  starch,  or  sold  as  pure  gluten.  The  brands  examined  are 
as  follows  :  — 

Diabetic  Flour. 


Per 

Price  per 

Cent. 

Pound 

Starch. 

(Cents). 

25 

10.00 

80 

16.66 

20 

18.00 

- 

56.20 

50 

64.28 

25 

63.38 

15 

64.29 

11 

64.46 

30 

64.29 

- 

68.74 

— 

Label  on  Package. 


Manufacturer. 


(Bulk), 

Cestus  Diabetic  Flour, 

Cestus  Diabetic  Flour, 

Cestus  Diabetic  Flour, 

Pure  Vegetable  Gluten," 

Whole  Wheat  Gluten, 

(Bulk), 

Unsurpassed  Gluten  Flour, 


Crystal  Springs  Company,  Watertown. 
American  Health  Food  Company. 
American  Health  Food  Company. 
American  Health  Food  Company. 
T.  Metealf  Co. 

Health  Food  Cbmpany,  New  York. 
American  Health  Food  Company. 
Johnson  Educator  Food  Company. 
Johnson  Educator  Food  Company. 


*  Label  on  the  back  of  the  container:  Moisture,  11.22  per  cent.;  nitrogen,  2.67  per  cent.;  equivalent 
nitrogenous  matter,  16.67  per  cent.;  starch,  18.14  per  cent. 

The  starch  in  these  flours  is  determined  by  the  ordinary  acid  con- 
version process,  using  the  volumetric  Fehling  method  in  estimating 
the  converted  sugar. 

ExtraGlum  Glycyrrhizm.  — Nine  samples  were  examined  and  all 
were  found  to  contain  admixtures  of  corn-starch,  the  worst  sample 
being  25  per  cent,  adulterated, 

Ferrl  et  Qaiaince  Oitras.  —  Eight  samples  were  examined,  2  of 
which  contained  insufficient  quinine. 

Ferri  et  Slrychninoe  Gitras. — Three  samples  were  examined,  all 
of  which  were  of  good  standard  quality. 

Gin.  — Six  samples  were  examined,  of  which  two  were  found  low 
in  alcohol.     The  percentage  of  alcohol  found  in  each  is  as  follows  :  — 


32.25 


37.67 


Oin, 

[Alcohol.] 

88.36  41.40 


41.80 


42.38 
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Glycerinum.  —  This  drug,  as  will  be  seen  by  referring  to  past 
reports,  has  hitherto  been  reported  almost  uniformly  pure,  and  so 
far  as  the  pharmacopoeial  requirements  are  concerned,  very  few 
samples  fail  to  conform  to  the  standards.  Since  it  has  become  a 
well-established  fact  that  arsenic  is  commonly  found  in  medicinal 
glycerine,  it  has  been  thought  best  to  test  all  samples  for  arsenic. 
Not  until  the  last  part  of  the  year,  however,  were  all  the  glycerine 
samples  so  tested.  The  first  sample  examined  was  a  composite  one, 
taken  from  the  container  into  which  samples  received  for  more  than 
a  year  back  had  been  poured.  Twenty-five  grammes  of  this  sample 
were  found  to  contain  0.0006  gramme  of  arsenic. 

Since  July,  1899,  all  samples  have  been  examined  for  arsenic, 
with  the  result  that  out  of  29  samples  thus  tested  20  were  found  to 
contain  it  in  amounts  varying  from  a  mere  trace  up  to  0.002  gramme 
of  arsenic  in  25  grammes  of  the  sample. 

The  most  ready  means  of  detecting  arsenic  in  glycerine  is  the 
modification  of  the  Gutzeit  method  suggested  by  Langmuir.* 

Two  cubic  centimeters  of  the  sample  are  run  into  a  test  tube 
and  diluted  with  water,  after  which  a  little  chemically  pure  granu- 
lated zinc  is  added,  and  enough  chemically  pure  sulphuric  acid  to 
cause  not  too  vigorous  evolution  of  gas.  A  small  filter  paper,  wet 
with  a  saturated  solution  of  mercuric  chloride,  is  held  over  the  top 
of  the  tube  by  a  cork  loosely  inserted,  the  paper  being  smoothly 
wrapped  over  the  lower  end  of  the  cork  in  such  a  way  that  the 
hydrogen  can  escape  between  the  paper  and  the  sides  of  the  tube. 
At  the  expiration  of  a  given  time,  say  ten  minutes,  the  cork  is 
removed  and  any  arsenic  present  in  the  glycerine  will  show  by  a 
yellow  stain  on  the  paper,  the  depth  of  color  varying  very  nearly 
proportionately  with  the  amount  of  arsenic  present.  The  arsenic 
may  thus  be  roughly  determined  quantitatively  by  comparison  with 
a  series  of  color  standards.  For  accurate  quantitative  work  the 
diluted  sample  of  glycerine  may  be  run  directly  into  a  Marsh  arsenic 
apparatus. 

lodum.  — One  sample  was  examined  and  found  pure. 

Limonis  Succus.  —  Twelve  samples  were  examined,  all  of  which 
were  found  to  be  adulterated  or  impure. 

The  brands  examined  and  the  result  of  the  examination  are  best 
shown  as  follows  :  — 

*  Journal  American  Chemical  Society,  Vol.  XXI.,  p.  136. 
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Lime  Juice, 


Brand. 

Citric  Acid 
(Per  Cent.). 

Otlier  Ingredients. 

Sovereign, 

4.15 

Salicylic  acid. 

Sovereign, 

3.94 

Salicylic  acid. 

Thompson's, 

3.64 

Sodium  sulphite. 

Folkin's, 

3.16 

Salicylic  acid. 

Gold  Leaf, 

2.95 

-                       - 

Montego, 

2.95 

Salicylic  acid. 

Folkin's, 

2.66 

Salicylic  acid. 

Geer's,    . 

2.62 

Sodium  sulphite. 

Gear's,   . 

2.50 

Sodium  sulphite. 

Family  Grocery  Company's, 

1.92 

- 

Russell's, 

2.26 

Sodium  sulphite. 

Santiago  Triple  Refined, 

~ 

Hydi'ochloric  and  salicylic  acids. 

All  were  found  to  be  deficient  in  citric  acid,  which,  according  to 
the  Pharmacopoeia,  should  be  present  to  the  extent  of  7  per  cent. 
All  but  2  samples  contained  added  preservative. 

The  acidity  of  lime  juice  is  obtained  by  titrating  6.8  cubic  centi- 
meters against  decinormal  sodium  hydroxide  with  phenol  phthalein. 
The  number  of  cubic  centimeters  of  the  standard  alkali  required 
divided  by  10  gives  the  percentage  of  citric  acid  present. 

Sulphites  are  tested  for  by  distilling  a  portion  of  the  sample  and 
treating  the  distillate  first  with  barium  chloride  and  then  with 
bromine  water.  A  precipitate  with  the  latter  reagent  indicates  pres- 
ence of  sulphurous  acid. 


Liquor  Magnesii  Citratis. 
pure. 


One  sample  was  examined  and  found 


Magnesii  Citras  Effei^escens. — Three  samples,  all  pure,  were 
analyzed. 

Oleum  Limonis.  —  Six  samples  were  examined,  5  of  which  con- 
tained oil  of  turpentine. 

The  purity  of  oil  of  lemon  is  most  readily  determined  by  its  op- 
tical rotation.  Five  cubic  centimeters  of  the  lemon  oil  are  diluted 
with  the  same  amount  of  alcohol  and  the  mixture  is  polarized  in  a 
100  millimeter  tube  of  the  Schmidt  &  Haensch  instrument.  The 
reading,  multiplied  by  two,  should  be  between  156.3  and  166.6  de- 
grees to  the  right  if  the  sample  is  pure,  corresponding  to  a  specific 
rotary  power  of  60  to  64  degrees. 
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Oleum  OUvce. — Fifty  samples  were  examined,  of  which  13  con- 
sisted wholly  or  in  part  of  cotton-seed  oil. 

In  using  the  Zeiss  refractometer  for  the  examination  of  olive  oil 
the  following  table  will  be  found  useful  in  indicating  the  normal 
reading  of  olive  and  cotton-seed  oil  at  various  temperatures  :  — 


Headings  on  Zeiss  Refractometer  of  Olive  and  Cotton-seed  Oils, 

Scale  Heading — 

Temperature 

Scale  Reading— 

Temperature 

(Centigrade). 

Olive  Oil. 

Cotton-seed 
Oil. 

(Centigrade). 

Olive  Oil. 

Cotton-seed 
Oil. 

35.0 

57.0 

61.8 

25.5 

62.4 

67.5 

84.5 

67.2 

62.1 

25.0 

63.0 

67.9 

34.0 

57.4 

62.3 

24.5 

63.3 

68.2 

33.5 

57.7 

62.5 

24.0 

63.6 

68.5 

33.0 

58.0 

62.8 

23.5 

63.9 

68.8 

32.5 

58.3 

63.0 

23.0 

64.2 

69.1 

32.0 

58.5 

63.2 

22.5 

64.5 

69.4 

31.5 

59.0 

63.6 

22.0 

64.8 

69.7 

31.0 

59.2 

64.0 

21.5 

65.1 

70.0 

30.5 

59.4 

64.2 

21.0 

65.4 

70.3 

30.0 

69.9 

64.5 

20.5 

65.7 

70.6 

29.5 

60.1 

64.9 

20.0 

66.0 

70.9 

29.0 

60.3 

65.1 

19.5 

66.3 

71.2 

28.5 

60.6 

65.3 

19.0 

66.6 

71.5 

28.0 

60.9 

65.7 

18.5 

66.9 

71.8 

27.5 

61.1 

66.0 

18.0 

67.2 

72.1 

27.0 

61.5 

66.5 

17.5 

67.5 

72.4 

26.5 

62.0 

67.0 

17.0 

67.8 

72.7 

26.0 

62.2 

67.3 

16.5 

68.1 

73.0 

Opii  Pulvis.  —  All  but  1  of  the  9  samples  brought  in  were  pure. 
The  percentages  of  morphine  are  as  follows  :  — 

Opii  Pulvis. 


16.40 
15.90 


[Percentage  of  morphine.] 

14.75  14.40  13.61 

14.51  13.70  13.40 


7.90 


Piper. — Three  samples,  all  pure,  were  examined. 

Potassii  Bitartras.  —  Of  the  21  samples  examined,  2  were  found 
to  be  adulterated  with  corn-starch,  gypsum  and  acid  phosphate  of 
lime. 

Pulvis  Glycyrrhizm  Compositus.  —  All  3  samples  analyzed  were 
found  pure. 

Pimenta.  — One  sample  was  examined  and  found  to  be  pure. 
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Saccharum  Lactis.  —  One  sample  was  tested  and  found  to  be  pure. 

8apo.  — One  sample  was  examined  and  found  to  be  pure. 

Sinapis  Alba.  —  One  sample  was  examined  and  found  to  be  pure. 

Spiritus  ^theris  Gomposilufi.  — Four  samples  were  examined,  of 
which  1  contained  insufficient  ethereal  oil. 

Spiritus  Frumenti.  —  Eight  samples  were  examined,  all  of  which 
were  below  the  standard,  having  the  following  percentages  of  total 
solids  and  alcohol :  — 

Sjnritzis  Frumenti. 


Total 
Solids. 

Alcohol. 

Total 
Solids. 

Alcohol. 

Total 
Solids. 

Alcohol. 

Total 
Solids. 

Alcohol. 

0.55 
1.54 

42.95 
39.80 

0.25 
0.83 

43.38 
43.71 

0.90 
1.05 

39.40 
44.46 

0.77 
1.36 

36.33 
36.56 

All  the  residues  were  insoluble. 

Spiritus    Villi  Gallici. — Three  samples  were   examined,  all  of 
which  were  below  the  standard,  as  follows  :  — 

Spiritus  Vini  Gallici. 


Total  Solids. 

Alcohol. 

Total  Solids. 

Alcohol. 

Total  Solids. 

Alcohol. 

0.84 

38.33 

0.40 

37.67 

1.25 

39.80 

All  the  residues  were  insoluble. 

Sulphur  Prmcipitatum. — Of  the  fifteen  samples  examined,  10 
were  found  to  contain  calcium  sulphate,  due  to  the  fact  that  instead 
of  being  prepared  by  treating  the  sulphur  with  lime  and  hydrochloric 
acid,  as  the  Pharmacopoeia  directs,  this  drug  is  more  frequently  pre- 
pared by  the  use  of  lime  and  sulphuric  acid,  the  resulting  calcium 
sulphate  being  left  in  the  product.  The  worst  adulterated  sample 
contained  50  per  cent,  of  calcium  sulphate. 

Syrupus.  —  Five  samples  were  examined ;  3  of  these  contained 
in. sufficient  cane  sugar. 
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Tinctura  lodi. — Fifty-nine  samples  were  examined,  of  which  48 
were  below  the  standard.  One  sample  contained  considerably  more 
than  the  strength  called  for  by  the  Pharmacopoeia.  The  following 
list  shows  how  each  sample  examined  stood  with  reference  to  the 
amount  of  iodine  contained,  the  result  being  expressed  in  the  per- 
centage of  the  United  States  pharmacopoeial  strength  required  :  — 


Tinctura  lodi. 

[Per  Cent,  of  U. 

S.  pharmacopoeia 

1  strength.] 

117.1 

100.0 

83.1 

76.9 

70.0 

63.6 

56.0 

100.0 

100.0 

83.0 

75.0 

70.0 

63.6 

55.0 

100.0 

94.3 

82.0 

75.0 

70.0 

63.0 

54.3 

100.0 

92.9 

81.4 

75.0 

70.0 

58.3 

64.2 

100.0 

92.9 

81.3 

72.6 

70.0 

57.2 

54.0 

100.0 

88.1 

81.3 

71.8 

67.1 

57.1 

50.0 

100.0 

88.0 

78.0 

71.7 

67.1 

57.1 

40.1 

100.0 

86.6 

78.0 

71.4 

64.0 

56.0 

39.0 

100.0 

86.5 

77.0 

Tinctura  Opii. — Thirty-four  of  the  39  samples  examined  were 
found  not  of  good  standard  quality,  containing  insufficient  morphine. 
Those  examined  were  found  to  stand  as  follows  :  — 


1.740 

1.250 

1.570 

1.230 

1.479 

1.210 

1.350 

1.185 

1.300 

1.163 

Tinctura  Opii. 

[Grammes  of  morphine  per  100  cubic  centimeters.] 

1.140  1.100 

1.125  1.095 

1.115  1.090 

1.112  1.085 


1.110 


1.045 


1.032 

0.945 

0.712 

0.325 

1.025 

0.920 

0.525 

0.255 

1.020 

0.855 

0.485 

0.140 

1.010 

0.845 

0.455 

0.052 

0.950 

0.820 

0.385 

Tinctura   Opii  Camphorata. 
good  and  1  of  poor  quality. 


One  sample  was  found  to  be  of 


Vinum  Album.  —  Thirty-four  samples  were  examined,  all  of  which 
were  of  poor  quality,  containing  large  sugar  residues.  They  analyzed 
as  follows  :  — 

Vinum  Album. 


Total  Solids. 

Alcohol. 

Total  Solids.               Alcohol. 

Total  Solids. 

Alcohol. 

14.72 

18.23 

22.80 

12.08 

0.39 

8.93 
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Vinum  Mubrum. — Four  samples,  all  below  the  standard,  were 
examined  as  follows  :  —  ,    ■ 

Vinum  Bubrum. 


Total 
Solids. 

Alcohol. 

Total 
Solids. 

Alcohol. 

Total 
Solids. 

Alcohol. 

Total 
Solids, 

Alcohol. 

13.16 

15.50 

21.57 

13.13 

19.00 

14.09 

14.00 

20.00 

Zingiber.  — Two  samples,  both  of  good  quality,  were  analyzed. 


Miscellaneous  Drugs. 

The  following  articles  were  examined  and  found  to  be  of  good 
quality  or  free  from  injurious  ingredients :  — 

Cough  cures  (5  samples),  essence  of  lemon,  tincture  of  capsicum, 
tooth  powder,  wild  cherry  beverage,  and  '*  A  Cure  for  the  Alcohol 
Habit." 

Two  samples  of  wall  paper  were  examined  for  arsenic  and  found 
to  contain  a  small  amount. 

A  sample  of  "  Imperial"  hair  dye,  made  up  in  two  solutions,  was 
analyzed.  Solution  A  was  found  to  be  an  ammoniacal  solution  of 
nitrates  of  nickel  and  silver,  with  a  trace  of  mercury ;  solution  B 
consisted  of  pyrogallic  acid. 

Two  preparations  of  the  face  lotion  type  were  examined,  and  one 
of  them,  "Mrs.  McCorrison's  Diamond  Lotion,"  was  found  to  con- 
tain corrosive  sublimate. 

A  sample  of  "  Vigoral"  (beef  extract)  was  found  to  be  preserved 
with  salicylic  acid. 

"Peach  Meal  for  the  Complexion"  proved  to  be  finely  ground 
corn  meal  flavored  with  artificial  oil  of  bitter  almonds. 
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Summary  of  Statistics  of  Drugs. 


Drugs. 

Genuine. 

Adulterated. 

Total. 

Per  Cent,  of 
Adulteration. 

Acidum  tannicum,    .... 

5 

5 

10 

50.0 

vEther,      .... 

- 

2 

2 

100.0 

Aqua  ammoniae  fortior,  . 

- 

1 

1 

100.0 

Alcohol, 

2 

_ 

2 

- 

Aqua  destillata, 

5 

20 

25 

80.0 

Argenti  nitras, 
Bismuthi  subcarbonas,    . 

12 

8 

- 

12 
8 

: 

Bismuthi  subnitras, 

5 

5 

10 

50.0 

Calx  chlorata, . 

_ 

4 

4 

100.0 

Capsicum, 

60 

10 

70 

14.3 

Caryophyllus,  .        .         . 
Cera  alba, 

1 
3 

- 

1 
3 

— 

Cera  flava, 

4 

- 

4 

- 

Cerii  oxalas,     . 

1 

- 

1 

- 

Chloral,    .... 

1 

_ 

1 

- 

Chloroformum,        .        .  ^ 

3 

1 

4 

25.0 

Cinnamomum  cassia, 

3 

- 

3 

- 

Diabetic  flour, . 

3 

10 

13 

76.9 

Extractum  glycyn-hizge, . 

- 

9 

9 

100.0 

Ferri  et  quininge  citras,    . 

6 

2 

8 

25.0 

Ferri  et  strychnin  as  citras, 

Glycerinum,     . 

Gin, 

3 

46 
4 

21 
2 

3 

67 
6 

31.3 
33.3 

lodum,     .... 

1 

- 

1 

- 

Limonis  succus. 

- 

12 

12 

100.0 

Liquor  magnesii  citratis. 
Miscellaneous, 

1 
18 

5 

1 
23 

21.7 

Magnesii  citras  eflfervescens, 

3 

- 

3 

- 

Oleum  limonis. 

1 

5 

6 

83.3 

Oleum  oliv£e,   . 

37 

13 

50 

26.0 

Opii  pulvis, 

Piper,       .... 

8 
3 

1 

9 
3 

11.1 

Potassii  bitartras,     . 

19 

2 

21 

9.5 

Pulvis  glycyrrhiz£e  compositu 
Pimenta,  .... 

3, 

3 
1 

- 

3 

1 

- 

Saccharum  lactis,     . 

1 

- 

1 

- 

Sapo,        .... 
Sinapis  alba,    . 
Spiritus  fetheris  compositus, 
Spiritus  frumenti,    . 

1 
1 
3 

1 
8 

1 
1 

4 

8 

25.0 
100.0 

Spiritus  vini  gallici. 
Sulphur  pr^cipitatum,    . 
Syrupus,  .... 
Tinctura  iodi,  . 

5 

2 

11 

3 

10 
3 

48 

3 
15 

5 
69 

100.0 
66.6 
60.0 
81.3 

Tinctura  opii,  . 

6 

33 

39 

84.6 

Tinctura  opii  camphorata, 

1 

1 

2 

50.0 

Vinum  album, 

- 

3 

3 

100.0 

Vinum  rubrum. 

- 

4 

4 

100.0 

Zingiber, .... 

2 

- 

2 

- 

Summary, 

303 

244 

547 

44.6 
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General  Summary. 


Genuine. 

Adulterated. 

Total. 

Per  Cent,  of 
Adulteration. 

Milk 

Foods  not  milk,        .... 
Drujrs, 

4,435 

2,615 

303 

1,656 

454 
244 

6,091 

3,069 
547 

27.2 
14.8 
44.6 

Totals, 

7,363 

2,354 

9,707 

24.2 

Respectfully  submitted, 


ALBERT  E.   LEACH, 

Analyst, 
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REPORT 


UPON  THE 


Pkoduction,  Disteibution  and  Use  of  Diphtheria 

Antitoxin, 

FOR  THE 

Twelve  Months  ended  March  31,  1900. 


The  following  summary  relates  to  the  operations  of  the  Board  re- 
garding the  production,  distribution  and  use  of  diphtheria  antitoxin 
for  the  twelve  months  ended  March  31,  1900.  The  work  of  the 
Board  in  this  direction  has  rapidly  increased  from  the  time  when  it 
was  begun  in  the  spring  of  1895.  As  a  condition  of  the  use  of  anti- 
toxin by  boards  of  health,  physicians,  hospitals  and  others,  it  was 
required  that  a  return  should  be  made  in  each  case  where  antitoxin 
was  used  upon  blank  forms  furnished  by  the  Board,  upon  which  the 
details  of  each  case  were  to  be  recorded.  A  portion  only  of  these 
returns  have  been  made,  and  hence  the  report  must  be  deemed  to  be 
incomplete  so  far  as  the  use  of  antitoxin  is  concerned. 

The  returns  contributed  from  the  Boston  City  Hospital  foYm.%  large 
share  of  the  report,  since  these  are  more  complete  than  those  received 
from  other  parts  of  the  State. 

The  supervision  of  antitoxin  production  has  been  carried  on,  as  in 
former  years,  under  the  charge  of  Dr.  Theobald  Smith,  at  the  Bus- 
sey  Institute,  near  the  Forest  Hills  station  of  the  New  York,  New 
Haven  &  Hartford  Railroad  in  Roxbury.  The  distribution  has  been 
conducted  at  the  State  House,  from  the  office  of  the  Board. 

The  strength  of  the  serum  employed  has  varied  from  200  to  400 
units  per  cubic  centimeter,  and  the  serum  has  usually  been  issued  in 
a  5  cubic  centimeter  vial,  containing  1,500  units.     For  convenience, 
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a  vial  containing  20  cubic  centimeters  has  also  been  employed  for 
use  where  several  patients  are  to  be  treated  at  once,  or  where  un- 
usually large  doses  are  used.  The  serum  has  been  distributed 
throughout  the  whole  State,  wherever  it  has  been  called  for,  to  local 
boards  of  health,  to  contagious  disease  hospitals  and  to  physicians  in 
private  practice,  the  latter  being  usually  supplied  through  the  local 
boards  of  health.  In  many  instances  the  local  board  of  health  has 
placed  it  in  charge  of  a  druggist,  where  it  could  be  obtained  at  any 
time  during  the  day  or  night. 

The  confidence  which  has  been  expressed  quite  generally  by  phy- 
sicians with  reference  to  the  value  of  antitoxin  in  diminishing  the 
fatality  from  diphtheria  has  become  so  firmly  established  that  few 
practitioners  would  be  willing  to  undertake  the  treatment  of  the 
disease  without  this  important  remedy.  Expressions  of  doubt  as  to 
its  efficacy  are  now  rarely  heard. 

The  total  number  of  packages  issued  by  the  Board  during  the  five 
years  ending  with  March  31,  1900,  was  as  follows  :  — 

In  1895-96  (year  ending  March  31), 1,724  bottles. 

In  1896-97  (year  ending  March  31) 3,219  bottles. 

In  1897-98  (year  ending  March  31), 4,668  bottles. 

In  1898-99  (year  ending  March  31), 12,491  bottles. 

In  1899-1900  (year  ending  March  31),        .        .        .        .  31,997  bottles.* 


Total, 54,099  bottles. 

In  consequence  of  the  variable  strength  of  the  product,  it  would 
be  difficult  to  present  an  exact  numerical  statement,  in  units,  of  the 
antitoxin  issued  in  these  packages,  the  tendency  having  been  to  in- 
crease its  strength  from  year  to  year.  The  total  amount  thus  far 
issued  is  probably  about  65,000,000  to  70,000,000  units. 

The  marked  increase  in  the  demand  for  antitoxin  during  the  year 
was  due  to  two  causes  :  first,  an  increase  in  the  prevalence  of  diph- 
theria during  the  year,  and  secondly,  an  increase  in  the  average  dose 
employed  in  each  case.  An  account  was  kept  during  the  year  of  the 
amount  of  antitoxin  employed  in  each  case  with  few  exceptions,  the 
result  of  which  is  shown  in  the  following  table  :  — 

*  This  number  has  reference  to  the  actual  number  of  bottles  issued  in  packages  of  about  1,500 
units  each.  In  order  to  make  this  comparable  with  the  figures  of  the  first  three  years  (1895- 
98),  a  packageof  1,000  units  should  be  employed  as  a  standard,  so  that  the.31,997  bottles  would 
be  equivalent  to  nearly  50,000  of  the  strength  at  first  employed. 
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Amount  op  Antitoxin 
Used. 

Number  of 
Cases. 

Deaths. 

AMO0NT  OF  Antitoxin 
Used, 

Number  of 
Cases. 

Deaths. 

Less  than  1 ,000  units,     . 
1,000  to  1,500  units, 
1,600  to  2,000  units, 
2,000  to  3,000  units, 
3,000  to  4,000  units, 
4,000  to  5,000  units, 

302 
176 
325 
200 
302 
56 

20 
10 
15 
18 
23 
8 

5,000  to  10,000  units,      . 
10,000  to  15,000  units,      . 
15,000  to  20,000  units,      . 
20,000  and  more  units,    . 
Unknown 

568 
260 
283 
428 
34 

66 
36 
35 
104 
3 

Of  the  cases  in  which  more  than  20,000  units  were  used  there  were 
142  in  which  the  amount  was  between  20,000  and  30,000  ;  98  in 
which  it  was  from  30,000  to  40,000  ;  33  in  which  it  was  from  40,000 
to  50,000 ;  29  in  which  it  was  from  50,000  to  60,000 ;  6  in  which 
it  was  from  60,000  to  70,000;  1,  78,000;  1,  80,000;  1,  82,000; 
2,  84,000,  and  1  in  which  the  dose  was  100,500  units. 

Further  comment  has  also  been  made  in  the  reports  of  previous 
years  upon  the  comparatively  small  ratio  of  reports  which  have  been 
made  relative  to  the  use  of  the  product  by  physicians.  The  same 
comment  may  also  be  made  with  reference  to  the  work  of  the  past 
year.  The  reports  have  exceeded  in  number  those  of  1898,  but  the 
ratio  to  the  number  of  cases  remains  about  the  same. 

The  figures  presented  in  this  report  speak  for  themselves  so  far 
as  the  reduction  which  has  taken  place  in  the  fatality  of  diphtheria 
is  concerned.  The  fatality  in  the  pre-antitoxin  period,  as  shown  in 
past  reports  of  this  Board,  was  28.3  per  cent,  for  the  period  of  four 
years,  1891-94,  while  during  the  years  1895-99  the  general  fatality 
from  diphtheria  throughout  the  State  was  only  14.9  (see  page  696), 
and  for  those  cases  treated  with  antitoxin  it  was  only  11.2  per  cent, 
(see  page  667). 

The  strength  of  antitoxin  distributed  by  the  Board  averaged 
about  300  units  per  cubic  centimeter. 

The  whole  number  of  cities  and  towns  to  which  antitoxin  was 
distributed  was  114,  or  4  more  than  those  which  were  published  in 
the  report  of  1898.  The  actual  number  in  each  year  was  probably 
somewhat  larger  than  these  figures,  since  a  few  of  the  more  distant 
cities  acted  as  distributing  centres  for  small  towns  in  their  nei^h- 
borhood,  and  in  some  instances  no  returns  were  made  from  these 
towns.  This  serum  was  distributed  to  local  boards  of  health  and 
to  physicians  in  the  following  cities  and  towns :  — 
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Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  from  April  1,  1899,  to 

March  31, 1900. 


City  oe  Town, 

Boston : 
City  Hospital, 
Children's  Hospital, 
General  supply,    . 

Cambridge, 

Worcester,        . 

Newton,     .... 

Lawrence,  .        .        • 

Bpringfield, 

Bomerville,        . 

Brookline, 

Waltham 

West  Springfield, 

Lynn,         .... 

Lowell,       .... 

Everett 

Chelsea 

Quincy 

Salem,        .... 

North  Brookfield,     . 

Fitchburg, 

New  Bedford,  . 

Maiden 

Marblehead, 

Attleborough,  . 

Haverhill 

Pittsfleld 

Melrose,     .... 

Arlington, .... 

Fall  River, 

Watertown, 

Marlborough,    .        .        . 

Leominster, 

Milford 

Woburn,    .... 

Reading 

Holyoke,    .... 


Number 
Bottles. 


20,180 

226 

1,552 

1,645 

1,104 

638 

589 

587 

582 

412 

331 

248 

234 

224 

174 

165 

152 

143 

138 

123 

104 

92 

89 

87 

83 

80 

74 

74 

68 

67 

62 

58 

57 

57 


City  ob  Town. 

Brockton,  .... 

Beverly 

Winchester, 

Hyde  Park,  .  .  . 
Medford,  .... 
Taunton,  .... 
North  Adams,  .  .  . 
Milton,  .... 
Stoneham,  .        , 

Adams,      .... 

Dedham 

Peabody 

Rockland 

Cbicopee,  .... 

Agawam 

Winchendon,    . 
Natiok,       .... 
Lexington, 

Maynard 

Medway 

Ware,         .... 

Warren 

Danvers,  .... 
Ayer,         .... 

Revere 

Q-louceater, 

Acton 

Amesbury,  ... 
Randolph,  .... 
Uxbridge,  .... 
Newburyport,  .  . 
Medfield,  .... 
Wakefield, 

Clinton,  .... 
Wlnthrop, 

Braintree 

Weston,     .... 
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Number  of  Bottles  of  Diphtheria  Antitoxin  distributed  from  April  1,  1899,  to 
March  31, 1900  — Concluded. 


City  or  Town. 

Number 
Bottles. 

City  ok  Town. 

Number 
Bottles. 

Concord 

Provincetown 

Northampton,   .        .        .        .        . 

Framingham, 

Worthington, 

Palmer 

Holbrook, 

Middleborough, 

Cohasset 

Norwell, 

Dighton 

East  Longmeadow 

Tewksbury, 

Shirley, 

Stoneham, 

Rowley, 

Hanover, 

Spencer, 

Methuen, 

15 
12 
12 
H 
10 
10 
10 
10 
10 
9 
8 
8 
8 
7 
7 
7 
7 
6 
6 
6 
6 
6 

Great  Barrington 

Norwood 

Andover, 

North  Attleborough,        .... 

Templeton, 

Bridgewater, 

Douglas, 

Needham, 

Sterling, 

Ludlow, 

Swampscott 

Monson 

Hingham, 

South  Hadley, 

Dover, 

Cheshire 

Edgartown 

Wareham, 

Mansfield, 

Barnstable, 

Westborough, 

Total 

6 
6 
6 
6 
6 
6 
6 
6 
6 
5 
5 
5 
3 
3 
3 
3 
3 
2 
2 
2 
2 

Brookfield, 

31,997 

The  following  list  presents  the  names  of  the  cities  and  towns  from 
which  detailed  reports  were  received  relative  to  the  use  of  antitoxin, 
with  the  number  from  each  town,  during  the  year  ended  March  31, 
1900:  — 

List  of  Cities  and  Towns  from  which  Reports  have  been  received  relative  to  the  Use 
of  Antitoxin  in  the  Treatment  of  Diphtheria,  ivith  the  Number  of  Reports  from 
Each. 


J3  <o 

01 

^ 

i~, 

^ 

tl 

H 

^6 

Places. 

a  "  ■ 

Places. 

1=  u    . 

—  a  cu 

W  85 

"3=1 

o 

o 

O 

Q 

Adams,   . 

2 

1 

Arlington, 

5 

- 

Agawam, 

- 

2 

Ashcroft, 

1 

2 
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List  of  Cities  and  Towns  from  which  Reports  have  been  received  relative  to  the  Use 
of  Antitoxin  in  the  Treatment  of  Diphtheria,  with  the  Number  of  Reports  from 
Each  —  Concluded. 


Places. 


Belmont, 

Beverly, . 

Boston,   . 

Boston  City  Hospital, 

Brockton, 

Brcokllne, 

Braintree, 

Cambridge,    . 

Cambridge  Hospital, 

Chelsea, 

Chelsea  Hospital,  . 

Cheshire, 

Chicopee,        . 

Clinton,  . 

Dalton,   . 

Danvers, 

Dover,     . 

Dracut,  . 

East  Longmeadow, 

Fitchburg, 

Haverhill, 

Holyoke,         .        . 

Lawrence, 

Lexington, 

Lowell,  . 

Lynn, 

Maiden,  . 

Mansfield, 

Medford, 

Millbury, 


1! 

c  £  . 

—  3  OJ 

151 

01 

a  o 

8 

1 

6 

4 

83 

21 

1,920 

- 

1 

- 

3 

- 

5 

2 

16 

16 

91 

- 

7 

5 

8 

- 

2 

1 

- 

4 

1 

- 

- 

3 

- 

1 

1 

- 

1 

- 

- 

1 

32 

15 

1 

21 

4 

10 

1 

19 

1 

- 

17 

7 

19 

26 

- 

1 

- 

1 

12 

13 

1 

- 

Methuen, 

Needham, 

New  Bedford, 

Newburyport, 

Newton, 

North  Adams, 

Northbridge,  . 

Pittsfield, 

Quincy, 

Randolph, 

Revere,   . 

Somerville,     . 

Springfield,    . 

Stockbridge,  . 

Taunton, 

Templeton,     . 

Uxbridge, 

Ware, 

Watertown,    . 

Wayland, 

Weston, . 

Waltham, 

West  Springfield, . 

Woburn, 

Worcester,     . 

Worcester  Hospital, 

Winchester,   . 

Wilbraham,    .        . 

Unknown, 


1^ 
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Summary  Observations  upon  the  Use  of  Antitoxin  in  Massa- 
chusetts FOR  the  Year  ended  March  31,  1900. 

Cases  in  which  a  BacleTial  Examination  was  made. 

The  same  method  is  employed  in  this  summary  as  was  adopted 
for  the  four  previous  years.  The  cases  in  which  cultures  were 
made  are  classified  into  positive  and  negative  cases,  the  former 
being  those  which  proved  on  examination  to  be  genuine  diphtheria 
and  the  latter  those  which  were  not. 

Diagnostic  examinations  were  made  in  2,581  cases  reported  to 
the  Board  as  having  been  treated  with  antitoxin,  and  of  these,  2,256 
proved  to  be  genuine  cases  of  diphtheria  and  325  gave  a  negative 
result. 

Positive  Cases. 

Of  the  2,256  positive  cases,  or  those  in  which  a  diagnosis  of  diph- 
theria was  made  by  bacterial  cultures  from  the  throat  of  the  patient, 
there  were  1,998  recoveries  and  258  deaths,  or  11.4  per  cent.,  the 
results  of  the  previous  years  having  been,  respectively,  13.7,  11.6, 
8.2  and  7.9  per  cent. 

Sex. — The  number  of  males  was  1,064,  and  the  deaths  of  these 
were  116,  or  10.9  per  cent.  The  females  were  1,169,  and  the  deaths 
of  females  136,  or  11.7  per  cent.  The  sex  of  23  was  not  stated;  6 
deaths. 

Ages.  —  The  following  table  shows  the  cases  and  deaths  by  ages  :  — 


Tear  ended  March  31, 1900. 


Cases. 

Deaths. 

Fatality  (Per  Cent.). 

Age  Periods. 

1899. 

1898. 

From  0  to    2  years, 

284 

74 

26.1 

18.9 

From  2  to    5  years, 

827 

107 

12.9 

10.0 

From  5  to  10  years, 

644 

55 

8.5 

4.4 

Over  10  years,         .... 

442 

11 

2.5 

3.4 

Age  unknown,         .... 

59 

11 

18.6 

33.0 

2,256 

258 

11.4 

7.9 
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Day  of  Illness  when  Antitoxin  was  first  administered. — The 
following  table  presents  the  fatality,  according  to  the  day  of  illness 
on  which  the  antitoxin  was  first  administered  :  — 


Cases. 

Deaths. 

Fatality  (Per  Cent.). 

DAT. 

1899. 

1S98. 

1897. 

1896. 

1895. 

First,  . 

245 

24 

9.8 

8.2 

8.0 

0.0 

0.0 

Second, 

594 

33 

5.6 

1.8 

8.9 

9.5 

9.7 

Third, 

437 

56 

12.8 

6.2 

7.0 

8.3 

8.7 

Fourth, 

298 

42 

14.1 

13.2 

3.0 

22;7 

15.4 

Fifth,  . 

167 

26 

15.6 

11.8 

11.8 

0.0 

22.2 

Sixth,  . 

67 

12 

17.9 

20.0 

0.0 

14.3 

20.0 

Seventh, 

48 

13 

27.1 

9.5 

30.0 

26.0 

33.3* 

Eighth  and  later. 

102 

15 

14.7 

10.4 

13.6 

16.6 

- 

Unknown,  . 

298 

37 

- 

- 

- 

- 

-■ 

*  Seventh  day  and  later. 

The  value  of  the  foregoing  table  consists  mainly  in  the  definite 
statement  of  the  fatality  of  cases  according  to  the  day  of  illness  at 
which  antitoxin  treatment  was  begun.  In  general,  it  shows  that 
the  ratio  of  success  in  treatment  depends  largely  upon  the  early  date 
at  which  antitoxin  is  first  administered.  A  fuller  and  more  conclu- 
sive summary  containing  greater  numbers  may  be  found  on  a  later 
page. 

The  cases  in  which  antitoxin  treatment  was  begun  either  upon  the 
first,  second  or  third  days  of  illness  constituted  56.6  per  cent,  of  the 
whole  number  of  positive  cases  to  which  antitoxin  was  administered. 

Hospital  and  Private  Practice.  —  The  fatality  of  the  positive 
cases  treated  in  hospitals  in  1899  was  as  follows  :  cases  treated  and 
reported  upon,  1,827  ;  deaths,  235,  or  12.8  per  cent.  In  private 
practice  :  cases,  429  ;  deaths,  23,  or  5.4  per  cent.* 

*  This  apparent  difference  in  the  fatality  of  hospital  and  of  general  or  outside  treatment  with 
antitoxin  is  accounted  for  by  the  fact  that  a  considerable  number  of  severe  and  fatal  cases  of 
diphtheria,  Avhich  were  treated  by  physicians  in  general  practice,  were  transferred  to  a  hospital 
after  one  or  more  days  of  home  treatment  and  died  at  the  hospital. 
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Seasons  of  the   Year.  —  The   cases   embraced   in   the   foregoing 
enumeration  occurred  in  the  followino-  order :  — 


Months. 

Case8. 

Deaths. 

Months. 

Cases. 

Deaths. 

1899. 

1899. 

April, 

114 

11 

October, 

250 

14 

May, 

145 

11 

November, 

264 

24 

June, 

81 

10 

December, 

251 

54 

July, 

August, 

Septembe 

r,       .         .        . 

43 
122 
252 

6 

2 

33 

1900. 

January, 
February, 
March,    , 

Total  six  months,   . 

259 
251 
192 

24 
31 
35 

757 

73 

-Lotai 

1,467 

182 

By  the  foregoing  table  it  appears  that  there  were  757  positive 
cases  reported  in  the  warmer  months,  with  73  deaths,  and  1,467 
cases  in  the  colder  months,  with  182  deaths. 

Negative  Cases. 
The  reported  cases  in  which  a  negative  result  was  obtained  were 
325,  and  the  deaths  of  these  were  33,  or  10.3  per  cent. 

Sex.  —  The  females  were  143,  with  14  deaths,  or  9.8  per  cent., 
and  the  males  178,  with  19  deaths,  or  10.7  per  cent.  ;  and  there 
were  4  cases  the  sex  not  being  stated  ;  no  deaths. 

Age.  — The  percentage  of  fatality  by  ages  was  as  follows  :  0  to  2 
years,  35.9  per  cent.  ;  2  to  5  years,  11.2  per  cent. ;  5  to  10  years, 
3.6  per  cent.  ;  and  all  over  10  years,  5.3  per  cent. 


Summary  of  the  Five  Years  ended  March  31,  1900. 
Positive  Cases  treated  with  Antitoxin. 
Whole  number  for  the  five  years,  4,404;  deaths,  258;  fatality, 
10.26  per  cent. 


664  STATE   BOARD    OF   HEALTH.         [Pub.  Doc. 

Sex.  —  The  fatality  by  sexes  was  as  follows  :  — 


Sbx. 


Fatality 
(Percent.). 


Males, 
Females, 


2,047 
2,305 


212 

228 


10.4 
9.9 


The  sex  of  52  was  not  stated ;  9  deaths. 
Ages.  —  The  fatality  by  ages  was  as  follows  : 


Age  Pbbiods. 


Cases. 


Fatality 
(Per  Cent.). 


0  to    2  years, 
2  to    5  years, 
6  to  10  yeai's, 
Over  10  years. 
Age  unknown, 


532 
1,531 

1,268 

997 

76 


120 

191 

98 

31 

12 


22.6 
12.5 

7.7 
3.1 


Hospitals  and  Private  Practice. 

Cases. 

Deaths. 

Fatality 
(Percent.). 

In  hospitals, 

In  private  practice, 

3,095 
1,307 

342 

110 

11.1 

8.4 

Gases  in  which  no  Bacteriological  Examination  was  made  during 
the  Tear  ended  March  31,  1900. 

Reports  were  made  of  292  cases  where  antitoxin  was  employed 
in  which  no  cultures  were  taken.  Out  of  this  number  there  were 
41  cases  which  proved  fatal,  or  14.0  per  cent,  of  the  whole. 

The  unsatisfactory  character  of  the  information  in  regard  to  this 
class  of  cases  must  be  acknowledged,  since  in  none  of  them  was  a 
diagnosis  made  by  means  of  a  culture  from  the  throat  of  a  patient. 
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Sex.  —  The  number  of  males  in  this  class  was  132,  and  the  deaths 
of  these  were  22,  or  16.6  per  cent.  The  number  of  females  was  146, 
and  the  deaths  of  these  were  18,  or  12.3  per  cent.  The  number  of 
those  whose  sex  was  unknown  or  not  stated  was  14,  of  which  num- 
ber one  died. 

Ages. — The  following  table  presents  the  cases  and  fatality  by 
ages  among  this  class  :  — 


Age  Pbkiods. 


Fatality 
(Percent.). 


From  0  to    2  years, 
From  2  to    5  years, 
From  5  to  10  years, 
Over  10  years,    . 
Age  unknown,    . 


43 
91 

78 

77 

3 


14 

13 

11 

3 


32.6 

14.3 

14.1 

3.9 


Sequels. 

Among  the  cases  reported  in  1899,  some  sort  of  eruption,  either 
urticaria  or  erythema,  is  reported  to  have  been  noticed  in  1,116  in- 
stances. These  were  usually  slight  and  evanescent  in  character. 
Albuminuria  was  reported  in  598  cases,  but  in  more  than  three- 
fourths  of  these  it  was  slight  or  consisted  of  a  trace  only. 

In  52  cases  rheumatic  pains  or  joint  affections  were  reported. 


Operations. 

Notes  are  made  in  the  returns  of  298  cases  in  which  intubation 
was  performed,  and  in  several  cases  the  operation  was  repeated 
once  or  oftener. 

The  number  of  deaths  among  these  intubated  cases  was  92,  or 
30.8  per  cent.  Tracheotomy  is  reported  as  having  been  performed 
five  times  and  was  followed  by  death  in  each  case,  except  one. 

Among  the  cases  reported,  diphtheria  was  said  to  have  been  com- 
plicated with  scarlet-fever  in  one  hundred  and  seventy  instances ; 
with  scarlet-fever  and  measles  four  times ;  with  whooping-cough 
nine  times ;  with  measles  sixty-four  times  ;  with  chicken-pox  nine 
times  ;  with  measles  and  whooping-cough  three  times  ;  with  measles 
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and  bronchitis  once ;  with  tuberculosis  once ;  Pott's  disease  once  ; 
rickets  once ;  pregnancy  twice.  Pneumonia  occurred  as  a  com- 
plication twenty-five  times,  in  three  of  which  it  was  complicated 
with  the  addition  of  measles,  in  one  with  scarlet-fever,  in  one  with 
phthisis,  in  one  with  measles  and  whooping-cough,  in  one  with 
measles  and  scarlet-fever,  and  in  another  with  congenital  syphilis. 
Pneumonia  proved  to  be  a  serious  complication,  since  all  of  these 
cases  in  which  it  occurred,  except  three,  proved  fatal. 

In  four  fatal  cases  in  which  antitoxin  was  administered  it  was 
recorded  that  the  patient  wa;s  moribund  on  admission.  In  another 
it  was  stated  that  the  parents  persistently  objected  to  its  use,  and 
that  when  finally  given  it  was  too  late  to  be  of  use. 

The  following  statement,  published  in  the  annual  report  for  1896, 
applies  equally  to  the  results  of  the  year  1899  :  — 

It  is  quite  plain  that  a  comparison  of  the  fatality  of  cases  treated  with 
antitoxin  with  the  general  fatality  of  cases  of  diphtheria  previous  to  the  in- 
troduction of  this  therapeutic  agent,  or  even  with  cases  not  treated  with 
antitoxin,  which  occurred  at  the  same  period  with  those  so  treated,  does 
not  do  justice  to  the  merits  of  antitoxin,  for  the  reason  that  such  a  compar- 
ison must  be  made  between  two  groups  or  classes  of  cases  which  are  not 
strictly  comparable,  since  one  contains  a  larger  and  the  other  a  smaller 
percentage  of  severe  cases  than  the  average.  That  is  to  say,  the  general 
run  of  cases  treated  with  antitoxin  by  physicians  in  private  practice,  and 
especially  of  those  sent  to  hospital,  must  necessarily  be  a  selected  class,  in 
which  the  percentage  of  severe  cases  is  greater  than  it  is  in  the  whole  num- 
ber of  cases  of  diphtheria  occurring  or  reported  in  a  given  community. 

It  has  been  urged,  and  with  some  degree  of  reason,  that  the  diminution 
in  the  fatality  from  diphtheria  is  partly  due  to  the  introduction  of  bacterial 
diagnosis  by  means  of  cultures  from  the  throat,  whereby  mild  cases  of  ill- 
ness are  shown  to  be  cases  of  true  diphtheria  which  would  otherwise  have 
passed  unnoticed.  But  this  statement  is  in  some  measure  offset  by  the  fact 
that  a  considerable  number  of  cases  which  might  have  passed  for  diphtheria 
before  the  days  of  bacterial  diagnosis  are  now  classed  as  "  negative." 

The  most  important  lesson  which  is  taught  by  these  returns  is  the  neces- 
sity of  early  administration  of  the  antitoxin  in  each  and  every  case. 

Out  of  731  cases  in  which  antitoxin  was  administered  on  the  first 
day  of  illness  there  were  only  56  deaths,  or  7.7  per  cent. ;  and  out 
of  2,120  cases  treated  during  the  first  two  days  of  illness  there  were 
only  138  deaths,  or  6.5  per  cent. ;  while  the  deaths  in  524  cases  in 
which  antitoxin  was  not  employed  until  the  sixth  and  seventh  days 
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and  later  were  94,  or  17.9  per  cent.,  the  patients  in  the  former  in- 
stances having  a  chance  of  living  nearly  three  times  as  great  as  in 
the  latter. 

GENERA.L  Summary,  1895-1899. 
Positive  cases  treated  in  the  years  ending  March  31,  1900,  and  reported 

to  the  State  Board  of  Health, 4,404 

Cases  in  which  no  bacteriological  examination  was  made,        .        .         .      1,484 

Total,     .        .  ■      .        .        .     ■ 5,888* 

Deaths  of  these, .        657 

Fatality  (percent.), 11.2 


Sexes. 
The  number  of  males  who  were  treated  was  f    . 
The  number  of  females  who  were  treated  was  f 
The  number  whose  sex  was  not  stated  was  f 


2,718 

3,060 

110 


Total, 6,888=' 


Deaths  of  males,  . 

Fatality  of  males  (per  cent.), 

Deaths  of  females. 

Fatality  of  females  (per  cent.). 

Deaths,  sex  not  stated. 


317 
11.7 

320 

10.5 

20 


Deaths  by  Ages. 


Age  Periods. 

Cases. 

Deaths. 

Fatality 
(Per  Cent.). 

0  to    2  years,      .        .        .        .        .        . 

710 

170 

23.9 

2  to    5  years,      .        .        ... 

1,987 

273 

13.7 

6  to  10  years, 

1,740 

150 

8.6 

Over  10  yeai'S,    .        .        .        .        . 

1,340 

48 

3.6 

Age  unknown  or  not  stated,      .... 

111 

16 

14.4 

Total, 

5,888 

657 

11.2 

*  In  this  number  (5,888)  641  cases  in  which  a  bacterial  diagnosis  showed  negative  results 
are  not  included,  so  that  the  whole  number  treated  with  antitoxin  of  which  returns  were  made 
to  the  Board  was  6,529. 

t  Except  cases  determined  to  be  "  negative." 
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Day  of  Administration. 


DAT. 

Cases. 

Deaths. 

Fatality 
(Percent). 

First, 

731 

56 

7.7 

Second, 

1,389 

82 

5.9 

Third, 

996 

110 

11.0 

Fourth, 

708 

101 

14.2 

Fifth,  . 

381 

59 

15.5 

Sixth, . 

178 

34 

19.1 

Seventh  and  later, 

346 

60 

17.3 

Unknown,  , 

867 

114 

13.1 

Immunization. 

Considerable  quantities  of  antitoxin  have  been  used  in  each  year 
for  the  purpose  of  immunization  of  healthy  persons  who  have  been 
exposed  to  the  infection  of  diphtheria. 

Returns  giving  the  results  of  such  immunization  have  been  re- 
ceived, as  in  the  case  of  its  therapeutic  use,  only  in  a  portion  of 
these  cases,  numbering  in  all  about  200  in  the  past  year  from  14 
cities  and  towns  and  from  3  public  institutions. 

The  majority  of  the  immunized  patients  were  children  in  families 
where  other  children  were  attacked  with  diphtheria  and  were  under 
treatment.  In  some  cases  the  parents  or  other  adults  were  thus 
treated,  and  five  nurses  were  also  immunized. 

The  doses  administered  for  the  purpose  of  immunization  varied 
from  150  units  in  one  case  to  1,500  units,  the  latter  quantity  being 
employed  in  15  cases.     The  average  dose  used  was  about  700  units. 

Diphtheria  is  recorded  as  having  developed  in  five  of  the  im- 
munized cases,  once  after  three  days,  once  after  four  days,  once 
after  eight  days.  In  one  case  a  "suspicious  throat"  followed  its 
use.     None  of  these  cases  is  reported  as  having  proved  fatal. 

At  the  Children's  Hospital,  an  institution  at  which  several  hundred 
patients  are  annually  received  for  treatment,  medical  and  surgical, 
but  not  for  infectious  diseases,  it  has  been  the  custom  to  immunize 
each  patient  with  diphtheria  antitoxin  soon  after  entrance. 
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DIPHTHEEIA  Cultures  examined  during  the  Tear 
ENDED  March  31, 1900. 


During  the  year,  3,258  cultures  have  been  received  from  106  towns 
and  cities  in  the  State.  Of  these,  1,778  were  for  diagnosis,  1,463 
were  for  release  from  quarantine  and  17  were  unclassified.  The  fol- 
lowino;  table  gives  the  results  of  these  examinations  :  — 


Whole 

Number  of 

Cultures 

examined. 

Cultures  examined  for 
Diagnosis. 

Cultures 

Place. 

Positive. 

Negative. 

Doubtful. 

examined 
for  Release 
from  Quar- 
antine. 

Adams, 

12 

6 

6 

Andover, 

69 

36 

25 

- 

8 

Arlington, 

63 

8 

18 

- 

37 

Attleborough 

53 

25 

16 

_ 

12 

Barnstable, 

3 

2 

- 

1 

_ 

Bedford, 

14 

— 

14 

_ 

_ 

Belmont, 

12 

1 

2 

- 

9 

Beverly, 

67 

16 

24 

1 

16 

Boston,  . 

9 

1 

8 

_ 

_ 

Boxford, 

2 

- 

- 

- 

2 

Brain  tree, 

3 

2 

1 

_ 

_ 

Bradford, 

1 

1 

_ 

_ 

_ 

Bridgewater, 

9 

4 

2 

- 

3 

Brockton, 

144 

30 

29 

_ 

85 

Brookfield, 

1 

_ 

1 

_ 

_ 

Brookline, 

1 

_ 

_ 

_ 

1 

Cambridge, 

6 

2 

4 

_ 

- 

Canton,  . 

3 

— 

_ 

_ 

3 

Chelsea, 

239 

63 

46 

1 

129 

Concord, 

14 

2 

12 

_ 

_ 

Clinton,. 

10 

4 

6 

_ 

1 

Cheshire, 

3 

2 

1 

_ 

_ 

Clarksburg, 

1 

1 

_ 

_ 

_ 

Danvers, 

22 

2 

7 

_ 

13 

Dartmouth, 

2 

1 

_ 

_ 

1 

Dedham, 

6 

1 

_ 

_ 

5 

Dover,    . 

4 

1 

1 

_ 

2 

Duxbury, 

Everett, 

2 

326 

1 
62 

57 

1 

1 
216 

Edgartown, 
Egremont, 
Fall  River, 

3 
2 
1 

1 

2 
2 

1 

- 
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Cdltdees  examined  for 

Whole 

Diagnosis. 

Cultures 

Number  of 

examined 

Place. 

Cultures 

for  Release 

examined. 

Positive. 

Negative. 

Doubtful. 

from  Quar- 
autme. 

Falmouth, 

1 

_ 

_ 

__ 

1 

Fairhaven,     . 

1 

- 

1 

- 

- 

Framingham, 

31 

4 

6 

1 

20 

Fitchburg, 

20 

4 

5 

- 

11 

Gloucester,    . 

12 

3 

9 

- 

- 

Greenfield,     . 

40 

7 

9 

- 

24 

Great  Barrington, . 

3 

1 

2 

- 

- 

Groveland,     . 

4 

- 

4 

- 

- 

Hamilton, 

1 

- 

1 

- 

- 

Hanover, 

17 

2 

4 

- 

11 

Harvard, 

1 

- 

1 

- 

- 

Haverhill, 

31 

7 

24 

- 

- 

Hingham, 

16 

1 

4 

- 

10 

Hyde  Park,    . 

62 

10 

20 

1 

31 

Lancaster, 

1 

— 

1 

— 

- 

Lawrence, 

106 

27 

57 

2 

20 

Lexington,     . 

20 

3 

8 

- 

9 

Maiden, 

135 

18 

32 

2 

83 

Marblehead,  . 

73 

23 

27 

- 

23 

Marlborough, 

87 

14 

28 

3 

42 

Marshfield,    . 

13 

- 

3 

- 

10 

Medfield, 

17 

1 

4 

- 

12 

Medford, 

113 

35 

67 

- 

11 

Medway, 

3 

- 

3 

- 

- 

Melrose, 

33 

8 

6 

2 

17 

Methuen, 

3 

3 

- 

- 

- 

Middleborough,     . 

1 

- 

1 

- 

- 

Milton,  . 

55 

7 

29 

- 

19 

Montague, 

1 

1 

- 

- 

- 

Natick,  . 

4 

1 

3 

- 

- 

New  Bedford, 

170 

12 

37 

1 

120 

Newbury  port, 

45 

20 

25 

- 

- 

North  Adams, 

30 

9 

7 

— 

14 

North  Attleborough, 

2 

1 

1 

- 

- 

North  Brookfield, . 

52 

13 

3 

- 

36 

Norwell, 

11 

1 

2 

- 

8 

Norwood, 

5 

1 

4 

- 

- 

Orange, 

1 

- 

1 

- 

- 

Peabody, 

17 

5 

6 

- 

6 

Pembroke,     . 

1 

— 

— 

— 

1 

Quincy,  . 

53 

24 

^t 

- 

10 

Randolph, 

3 

1 

2 

- 

— 

Reading, 

112 

13 

48 

- 

51 

Revere,  . 

6 

1 

3 

- 

2 

Rockland, 

13 

4 

7 

1 

1 

Rowley, 

2 

1 

1 

- 

- 

Salem,    . 

119 

14 

16 

- 

89 

Saugus, . 

1 

1 

- 

- 

- 

Sherborn, 

2 

- 

2 

- 

Shirley, . 

5 

2 

3 

- 

Somerville,    . 

222 

55 

127 

1 

39 

Southborough, 

1 

1 

" 
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"Whole 

Number  of 

Cultures 

examined. 

Cultures  examined  foe 
Diagnosis. 

Cultures 

Place. 

Positive. 

Negative. 

Doubtful. 

for  Release 
from  Quar- 
antine. 

Southbridge,          .... 

1 

1 

Sterling, 
Stoneham, 

3 

7 

1 

3 

6 

- 

- 

Sutton,  . 

1 

1 

_ 

_ 

_ 

Swampscott, 
Taunton, 

13 
4 

3 
3 

8 

1 

2 

Templeton, 
Wakefield, 

1 
8 

1 
6 

2 

_      1 

1 

Ware,     . 

1 

- 

1 

_ 

„ 

Wareham, 

3 

3 

- 

- 

_ 

Warren, 

16 

4 

11 

1 

Watertown, 

102 

16 

23 

63 

Westborough, 
West  Boylston, 
West  Springfield, 
Weymouth,    . 
Winchendon, 

2 
1 
4 
6 
12 

3 
1 

2 
1 

11 

_ 

1 

5 

Winchester,   . 

127 

20 

34 

- 

73 

Winthroj), 
Woburn, 

49 
6 

7 
2 

6 
4 

-  - 

36 

Worthington, 

1 

- 

1 

- 

_ 

Wrentham,     . 

1 

_ 

1 

_ 

Unclassified,  and  place  not  stated, 

17 

- 

- 

17 

- 

State,     • 

3,258 

692 

1,066 

87 

1,463 

Relation  of  Clinical  to  Bacteriological  Diagnosis. 


Bactkriological  Diagnosis. 

Percentage 
of  Error  in 

Clinical  Diagnosis. 

Positive. 

Negative. 

Doubtful. 

Clinical 
Diagnosis. 

Positive  in  574  cases,    ..... 

Negative  in  884  cases, 

Doubtful  in  394  cases,  ... 

Not  given  in  288  cases,         .... 

361 

67 

114 

108 

209 
315 
276 
179 

4 

2 
4 
6 

36.6 
17.5 

Persistence  or  Diphtheria  Bacilli  in  the  Throats  of  Patients 
Convalescent  from  Diphtheria. 
AmoDg  these  cases  are  included  only  those  in  which  frequent  cult- 
ures were  made  until  the  throat  was  clear  of  the  bacilli.  The  time 
of  persistence  is  given  from  the  date  of  the  earliest  symptoms  to 
when  the  bacilli  were  last  found. 


672 


STATE   BOAED   OF   HEALTH.  [Pub.  Doc. 


Time 

Kumber  of 
Cases. 

Time. 

Number  of 
Cases. 

7  days, 

2 

36  days. 

2 

10  days, 

2 

37  days, 

1 

11  days, 

2 

39  days. 

3 

12  days. 

5 

40  days. 

4 

13  days, 

4 

41  days. 

1 

14  days, 

12 

42  days. 

3 

15  days. 

5 

43  days. 

1 

16  days. 

5 

44  days. 

4 

17  days. 

10 

50  days, 

2 

18  days. 

6 

53  days. 

1 

19  days. 

7 

56  days, 

1 

20  days, 

12 

61  days, 

1 

21  days, 

8 

66  days. 

2 

22  days, 

9 

67  days. 

1 

23  days. 

4 

70  days. 

2 

24  days, 

9 

73  days. 

1 

25  days. 

7 

76  days. 

1 

26  days. 

11 

78  days, 

1 

27  days. 

9 

79  days. 

1 

28  days, 

6 

90  days. 

2 

29  days. 

6 

97  days, 

1 

30  days. 

9 

108  days, 

1 

31  days, 

3 

111  days, 

1 

33  days, 

3 

34  days, 

2 

Average  days,  28.6. 

35  days. 

4 
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Summary  of  the  Four  Years  ending  March  31,  1900. 
The  whole  number  of  cultures  examined  during  the  four  years  is 
8,523.  Of  these,  4,621  were  made  for  the  diagnosis  of  diphtheria, 
and  3,902  were  made  for  release  from  quarantine.  Of  the  cultures 
made  for  diagnosis  1,984  were  positive,  2,563  were  negative,  and 
74  were  doubtful. 


Belatioti  of  Clinical  to  Bacteriological  Diagnosis. 


Bacteriological  Diagnosis. 

Percentage 
of  Error  in 

Clinical  Diagnosis. 

Positive. 

Negative. 

Doubtful. 

Clinical 
Diagnosis* 

Positive  in  1,739, 

Negative  in  947, 

Doubtful  in  1,023, 

Not  given  in  912, 

1,098 
190 
339 
357 

624 
740 
668 
531 

17 

17 
16 

24 

86.2 
20.4 

Total,  4,621, 

1,984 

2,563 

74 

- 

*  These  figures  are  percentages  of  the  sum  of  the  positive  and  negative  cases  in  which  a  bac- 
teriological diagnosis  was  definitely  determined. 

In  691  cases  in  which  frequent  cultures  were  made  until  the  throat 
was  free  from  the  bacilli,  the  average  time  of  persistence  of  the 
bacilli  from  the  date  of  the  earliest  symptoms  was  27.4  days. 
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EXAMINATIONS  OF  SPUTUM  AND  OTHER  MATERIAL 

SUSPECTED  OF  CONTAINING  THE  BACILLI 

OF  TUBERCULOSIS. 


During  the  year  ending  March  31,  1900,  microscopic  exanainations 
have  been  made  of  571  specimens  of  sputum  or  other  material  sus- 
pected of  containing  the  bacilli  of  tuberculosis.  This  material  was 
received  from  89  different  towns  and  cities  in  the  State.  The  fol- 
lowing tables  show  the  results  of  these  examinations  and  the  places 
from  which  the  material  was  received  :  — 


Tabular  Statement  of  Examinations 

of  Material. 

ir'3 

Males. 

Femalbs. 

Sex  not  stated. 

CiTT  OB  Town. 

>. 

6 

>> 

? 

>- 

.Si 

> 

> 

> 

B 

a  * 

a 

c 

« 

c] 

S  « 

te 

CO 

03 

tc 

9  <u 

o 

o 

s 

O 

Sq 

iS 

& 

£ 

'A 

tW 

"A 

Adams, 

1 

_ 

_ 

_ 

1 

_ 

_ 

Arlington, 

8 

2 

1 

- 

4 

- 

1 

Attlebo rough,  . 

14 

3 

4 

3 

4 

- 

- 

Barnstable, 

2 

- 

- 

- 

2 

- 

- 

Belmont,  . 

1 

1 

- 

- 

- 

- 

- 

Berlin, 

1 

- 

1 

- 

- 

- 

- 

Bevei'ly,    . 

1 

- 

- 

- 

1 

- 

- 

Blackstone, 

2 

— 

2 

- 

— 

— 

~ 

Boston, 

61 

20 

15 

4 

17 

2 

2 

Bridgewater, 

3 

1 

- 

1 

1 

- 

- 

Brockton, 

15 

- 

6 

5 

4 

- 

- 

Brookfield, 

3 

- 

2 

- 

1 

- 

- 

Brookline, 

2 

- 

1 

- 

1 

- 

- 

Cambridge, 

4 

- 

2 

1 

1 

- 

- 

Chelsea,    , 

14 

2 

1 

4 

4 

2 

1 

Clinton,     . 

11 

2 

- 

4 

5 

- 

- 

Cohasset,  . 

2 

1 

1 

- 

- 

- 

- 

Concord,  . 

16 

3 

10 

1 

2 

- 

- 

Cummington, 

1 

- 

1 

- 

- 

— 

— 

Danvers,  . 

7 

1 

1 

4 

1 

- 

- 

Danvevsport, 

2 

2 

- 

- 

— 

— 

— 

Dartmouth, 

1 

- 

1 

— 

— 

— 

~ 

Dedham,  . 

10 

1 

4 

2 

2 

1 

— 

East  Bridgewater, 

2 

" 

1 

1 
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Tabular  Statement  of  Examinations  oj  Material — Continued. 


Males. 

Females. 

Sex  not 

STATED. 

CiTT  OH  Town. 

6 
> 

o 

of 

> 
1 

> 

.  u 

i 
1 

> 

Everett, 

20 

4 

3 

5 

6 

1 

1 

Fall  River, 

75 

18 

17 

18 

20 

2 

- 

Fairhaven, 

1 

- 

- 

1 

- 

- 

- 

Fitchburg, 

5 

- 

3 

1 

1 

- 

- 

Foxborough, 

4 

1 

1 

1 

1 

- 

- 

Framingham,   . 
Georgetown, 

20 
3 

- 

4 
3 

5 

11 

— 

: 

Gloucester, 

5 

1 

2 

- 

2 

- 

- 

Greenfield, 

1 

1 

- 

- 

- 

- 

- 

Haverhill, 

5 

2 

- 

2 

1 

- 

- 

Holbrook, 

1 

- 

- 

- 

- 

1 

- 

Lawi-ence, 

5 

2 

1 

- 

1 

- 

- 

Lee,  . 

2 

2 

- 

- 

- 

- 

- 

Lexington, 

1 

- 

- 

- 

- 

- 

- 

Littleton,  . 

2 

_ 

1 

- 

1 

- 

- 

Maiden,    . 

6 

1 

3 

1 

1 

- 

- 

Mansfield, 

2 

- 

- 

- 

2 

- 

- 

Marlborough, 

2 

1 

- 

1 

- 

- 

- 

Medford,  . 

13 

4 

2 

4 

2 

- 

- 

Med  way,  . 
Melrose,   . 

2 
4 

2 

2 

- 

1 

: 

1 

Methuen,  . 

6 

2 

- 

1 

2 

- 

- 

Middleborough 

, 

5 

- 

- 

1 

4 

- 

- 

Milford,    . 

2 

- 

1 

- 

1 

- 

- 

Milton,      . 

2 

1 

1 

- 

- 

- 

- 

New  Bedford, 

19 

6 

5 

5 

3 

- 

- 

Newton,    . 

1 

- 

- 

- 

1 

- 

- 

Norfolk,   . 

1 

- 

1 

- 

- 

- 

- 

North  Adams, 

27 

12 

4 

4 

7 

- 

- 

North  Attieborough 

3 

1 

1 

- 

- 

- 

1 

North  Brookfield, 

7 

2 

3 

1 

1 

- 

- 

Norton,     . 

1 

- 

- 

- 

1 

- 

- 

Norwood, 

1 

- 

- 

- 

1 

- 

- 

Oxford,     . 

6 

2 

2 

- 

2 

- 

- 

Peabody,  . 

2 

- 

- 

1 

- 

1 

- 

Provinoetown, 

2 

_ 

1 

- 

1 

- 

— 

Quiney,     . 
Randolph, 
Reading,  . 

10 
4 
1 

1 
1 
1 

2 

2 

3 

1 
1 

1 

2 

Revere,     . 

7 

1 

2 

1 

3 

- 

- 

Rowley,    . 
Rockland, 

1 
8 

2 

4 

1 

2 

— 

_ 

Salem, 

5 

1 

- 

1 

1 

1 

1 

Sheffield,  . 

2 

1 

- 

- 

1 

- 

- 

Shorborn, 

1 

- 

- 

- 

1 

- 

- 

Somerville, 

10 

3 

3 

1 

3 

- 

- 

Spencer,   . 
Stoughton, 
Taunton,  . 

8 
1 

1 

2 
1 

2 

1 

2 

- 

1 

1 
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Tabular  Statement  of 

Examinations 

of  Material  — 

Concluded. 

OS 

11 

Males. 

Females. 

Sex  not 

STATED. 

City  or  Tottn. 

> 

> 

1 
1 

> 

M 

a 
'A 

> 
o 

Pi 

> 

Wakefield,        .... 

1 

_ 

1 

_ 

— 

_ 

_ 

Waltham, 

3 

1 

1 

1 

- 

- 

- 

Wai-ren,    . 

4 

- 

1 

- 

2 

- 

1 

Water  town, 

2 

- 

- 

1 

1 

- 

- 

Westborough,  . 

1 

- 

1 

- 

- 

- 

- 

West  Brookfield, 

1 

- 

- 

1 

- 

- 

- 

Westfovd, 

17 

6 

4 

1 

6 

- 

1 

Weymouth, 
Whitman, 

8 
1 

1 

7 
1 

— 

: 

_ 

~ 

Williamstown,. 

2 

- 

1 

- 

- 

1 

- 

Winchendon,    . 

3 

- 

2 

1 

- 

- 

- 

Winchester, 

12 

2 

4 

6 

- 

- 

- 

Winthrop, 

5 

1 

2 

- 

1 

- 

1 

Wobm'n,  . 

1 

- 

- 

1 

- 

- 

- 

Worthington,   . 

1 

- 

- 

1 

- 

- 

- 

Wrentham, 

1 

- 

- 

- 

1 

- 

- 

Not  stated. 

4 
571 

- 

- 

- 

2 

1 

1 

State, 

129 

152 

102 

155 

16 

17 

Distribution  by  Ages. 


Number 

of  Cases 

Positive. 

Negative. 

examined. 

Between  the  age  of    1  and  10,  . 

9 

— 

9 

Between  the  age  of  10  and  20,  . 

67 

29 

38 

Between  the  age  of  20  and  30,  . 

142 

68 

74 

Between  the  age  of  30  and  40,  . 

148 

68 

80 

Between  the  age  of  40  and  50,  . 

73 

30 

43 

Between  the  age  of  50  and  60,  . 

44 

11 

33 

Between  the  age  of  60  and  70,  . 

22 

3 

19 

Between  the  age  of  70  and  80,  . 

3 

- 

3 

Age  not  stated,  .... 

63 

38 

25 

Total, 

571 

247 

324 

Distribution  by  Sexes. 


Sex  not 
stated. 


Number  of  cases  examined  (positive), 
Number  of  cases  examined  (negative). 

Total, 


247 
324 

571 


129 
152 

281 


102 
155 

257 


16 

17 

33 
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Summary  of  the  Four  Years  ending  March  31,  1900. 
The  whole  number  of  specimens  examined  in  the  four  years  was 
1,345;    of  these,  610,  or  45.3    per  cent.,  were  positive,  and  735 
were  negative. 

Ages.  —  Of  the  178  specimens  from  persons  who  were  under 
twenty  years  of  age  37.6  per  cent,  were  positive,  of  871  specimens 
from  persons  who  were  between  the  age  of  twenty  and  fifty  years  48.2 
per  cent,  were  positive,  and  of  145  specimens  from  persons  who 
were  over  fifty  years  of  age  27.6  per  cent,  were  positive.  Of  the 
positive  cases,  67,  or  12.7  per  cent.,  were  under  twenty  years  of 
age,  420,  or  79.7  per  cent.,  were  between  twenty  and  fifty  years  of 
age,  and  40,  or  7.6  per  cent.,  were  over  fifty  years  of  age.  The 
age  was  not  stated  in  78  cases. 

Sexes. — Of  the  1,345  cases  examined,  635  were  males,  631  were 
females  and  the  sex  of  79  was  not  stated.  Of  the  male  cases  46.3 
per  cent,  and  of  the  female  cases  43.2  per  cent,  were  positive. 
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MALARIA. 


During  the  year  preparations  of  blood  suspected  of  containing 
malaria  parasites  were  received  from  76  cases,  or  but  little  more 
than  half  as  many  as  were  received  in  1898.  Of  this  number,  only 
20  contained  the  parasite  of  malaria,  and  these  20  came  from  Con- 
cord, Everett,  Middleborough,  Uxbridge  and  Winchester  ;  14  of  the 
number  were  from  Concord. 

All  of  the  specimens  came  from  eastern  Massachusetts  and  none 
were  received  from  places  farther  west  than  the  eastern  part  of 
Worcester  County. 

The  distribution  is  presented  in  the  following  table  :  — 


Malaria. 


CiTT  OB  Town. 

Number 

of 
Patients. 

Positive. 

Negative. 

CiTT  OR  Town. 

Number 

of 
Patients. 

Positive. 

Negative. 

Boston, 

1 

- 

1 

Northbridge, 

1 

- 

1 

Brookline, 

2 

- 

2 

Somerville, 

1 

- 

1 

Cambridge, 

1 

- 

1 

Stoneham, 

1 

- 

1 

Chelmsford, 

1 

- 

1 

Swampscott, 

1 

- 

1 

Clinton,     . 

4 

- 

4* 

Uxbridge, . 

4 

2 

2 

Concord,    . 

37 

14 

23 

Waltham, . 

2 

- 

2 

Everett,     . 

1 

1 

- 

Westford, 

2 

- 

2 

Lancaster, 

1 

- 

1 

Winchester, 

11 

2 

0 

Lowell, 

2 

1 

: 

2 
1 

Winthrop, 
Total, . 

1 

- 

1 

Melrose,    . 

76 

20 

56 

Middleborough, 

1 

1 

- 

*  In  one  case  preparation  worthless. 
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STATISTICAL  SUMMAEIES  OF  DISEASE  AND  MORTALITY. 


The  statistical  information  received  by  the  Board  during  each 
year,  either  through  the  medium  of  voluntary  returns  or  in  conse- 
quence of  legal  requirements,  has,  in  the  last  five  reports  of  the 
Board,  been  presented  under  four  different  heads  or  groups,  which 
are  summarized  and  defined  as  follows  :  — 

1.  The  Weekly  Mortality  Returns. — These  consist  of  the  reports  of 
deaths,  which  are  made  up  weekly  and  are  sent  to  the  office  of  the  State 
Board  by  the  registration  officials  of  cities  and  towns.  They  are  voluntary, 
and  serve  principally  to  show  the  seasonal  prevalence  of  each  of  the  chief 
infectious  diseases,  and  the  mortality  of  children  under  five  years  old  in 
weekly  periods.  This  series  of  statistics  has  been  continued  by  the  Board 
for  more  than  twenty  years,  and  has  been  published  as  a  summary  for 
fifteen  years. 

2.  The  Beports  of  Certain  Infectious  Diseases,  —  Diphtheria  and  Croup, 
Scarlet-fever,  Typhoid  Fever  and  Measles.  —  These  are  obtained  from  the 
annual  reports  of  local  boards  of  health  for  the  year  1899,  which  are  for- 
warded to  the  State  Board  from  cities  and  towns.  By  comparing  the  num- 
bers of  reported  cases  with  the  reported  deaths,  the  mean  fatality  of  each 
disease  in  the  places  from  which  the  reports  are  made  is  obtained  with  a 
reasonable  degree  of  accuracy. 

3.  Reports  of  Cities  and  Towns,  made  under  the  Provisions  of  Chapter 
302  of  the  Acts  of  1893.  —  By  this  act  each  local  board  of  health  is  required 
to  report  to  the  State  Board  every  case  of  "  disease  dangerous  to  the  public 
health"  which  is  reported  to  the  local  board.  A  digest  of  these  reports  is 
presented  in  Summary  No.  III. 

4.  Annual  Reports,  made  under  the  Provisions  of  Chapter  218  of  the 
Acts  of  1894.  — The  full  reports  of  deaths  occurring  in  each  city  and  town 
having  over  5,000  inhabitants  comprise  another  series  of  returns,  which  are 
summarized  in  No.  IV.  These  reports  are  made  under  the  requirements  of 
the  following  statute  :  — 
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[Acts  of  1894,  Chapter  218,  Section  3.] 
In  each  city  and  town  having  a  population  of  more  than  five  thousand  inhabi- 
tants, as  determined  by  the  last  census,  at  least  one  member  of  said  board  shall 
be  a  physician,  and  the  board  shall  send  an  annual  report  of  the  deaths  in  such 
tovv^n  to  the  State  Board  of  Health.  The  form  of  such  reports  shall  be  prescribed 
and  furnished  by  the  State  Board  of  Health. 


Note.  —  A  supply  of  the  postal  cards  necessary  for  the  reporting  of  voluntary 
mortality  returns  such  as  are  required  for  the  data  presented  in  section  1  of  the 
following  summary,  will  be  forwarded  to  the  registration  oflScers  of  any  city  or 
town  who  are  willing  to  contribute  the  necessary  information. 

Postal  cards  are  also  sent  to  all  boards  of  health  in  the  State,  for  the  purpose 
of  aiding  them  to  comply  with  the  provisions  of  chapter  302  of  the  Acts  of  1893, 
relative  to  the  reporting  of  diseases  dangerous  to  the  public  health  to  the  State 
Board  immediately  after  reports  of  the  same  are  received  by  the  local  board. 

Annual  blank  forms  are  also  sent  to  each  local  board  of  health  in  cities  and 
towns  having  over  5,000  inhabitants,  for  the  return  of  such  information  as  is 
called  for  by  the  provisions  of  chapter  218  of  the  Acts  of  1894. 
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I. 

The  Weekly  Mortality  Keturns. 

In  the  following  summary,  the  voluntary  reports  of  deaths  received 
at  the  close  of  each  week  from  the  city  registrars,  town  clerks  and 
boards  of  health  of  the  cities  and  towns  are  epitomized  for  the  year 
1899.  The  chief  value  of  this  abstract  consists  in  the  fact  that  it 
presents  a  continuous  history  of  the  mortality  from  certain  specified 
diseases  from  week  to  week  throughout  the  year. 

This  weekly  report  has  been  published  in  the  Boston  Medical  and 
Surgical  Journal  every  week  for  a  period  of  twenty  years  or  more, 
and  also  as  a  publication  of  the  Board,  in  a  weekly  bulletin,  since 
and  including  1883. 

These  returns  are  necessarily  incomplete,  since  they  are  voluntary 
and  consequently  embrace  the  statistics  of  a  portion  only  of  the  popu- 
lation, the  reporting  places  being  chiefly  the  cities  and  large  towns. 

The  estimated  population  of  the  cities  and  towns  contributing  to 
these  returns  in  1899  was  1,729,878,  or  about  two-thirds  of  the  total 
population. 

The  following  items  are  embraced  in  this  summary  :  — 


Average  height  of  barometer  for 

each  week. 
Mean  maximum  temperature. 
Mean  minimum  temperature. 
Rainfall,  expressed  in  inches. 
Total    deaths    reported    for    each 

week. 
Deaths  of  children  under  five  years. 
Deaths  from  infectious  diseases. 
Deaths  from  consumption. 
Deaths  from  acute  luns:  diseases. 


Deaths  from  tj-phoid  fever. 
Deaths  from  diarrhoea!  diseases. 
Deaths  from  scarlet  fever. 
Deaths  from  measles. 
Deaths  from  diphtheria  and  croup. 
Deaths  from  puerperal  fever. 
Deaths  from  whooping-cough. 
Deaths  from  malarial  fever. 
Deaths  from  erj^sijielas. 
Deaths  from  cerebro-spinal  menin- 
gitis. 


The  following  table  contains  a  summary  of  the  statistics  compiled 
from  these  weekly  returns  of  mortality  :  — 
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Total  Deaths. 
The  whole  number  of  deaths  reported  for  the  year  1899  from  the 
cities  and  towns  contributing  to  these  reports  was  30,490,  and  the 
average  per  week  was  586.  The  greatest  number  of  deaths  reported 
in  a  single  week  was  752,  in  the  week  ending  July  29  ;  the  least 
number  was  459,  in  the  week  ending  June  24.  The  weekly  average 
number  of  deaths  reported  for  each  month  was  :  — 


January 725 

February 646 

March, 581 

April 611 

May 530 

June 498 


July 628 

August 627 

September, 563 

October 496 

Novenaber 525 

December 577 


The  percentage  of  mortality  in  each  of  the  four  quarters  of  the 
year  was  as  follows  :  — 


First  quarter,  . 
Second  quarter, 
Third  quarter,  . 
Fourth  quarter. 


Numbers.        Percentages. 


7,809 

7,194 

,514 

6,973 


30,490 


25.58 
23.57 
27.95 
22.90 


100.00 


Ages  under  5  Years. 


Numbers.         Percentages. 


2,124 
2,098 
3,894 
2,176 


10,292 


20.65 
20.38 
37.83 
21.14 


100.00 


Deaths  under  Five  Years  of  Age. 
The  reported  number  of  deaths  of  children  under  live  years  of  age 
was  10,292.  The  average  weekly  number  was  198.  The  greatest 
number  reported  in  one  week  was  392,  in  the  week  ending  July  29, 
and  the  least  number  was  125,  in  the  week  ending  May  20.  The 
ratio  of  the  deaths  of  this  class  to  the  total  reported  mortality  was 
33.7  per  cent.  The  average  weekly  number  of  deaths  of  children 
under  five  years  of  age,  by  months,  was  as  follows  :  — 


January 185 

February 174 

March, 171 

April 176 

May 151 

June, 143 


July 293 

August 298 

September, 247 

October 169 

November, 159 

December 172 
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The  months  having  the  greatest  number  of  deaths  of  children 
under  five  years  of  age  were  July,  August  and  September,  and 
those  having  the  least  number  were  May,  June  and  November. 

Consumption. 
The  number  of  reported  deaths  from  consumption  was  3,036. 
The  weekly  average  was  58.  The  greatest  number  of  deaths  re- 
ported from  this  cause  in  a  single  week  was  82,  in  the  week  ending 
January  14,  and  the  least  number  was  40,  in  the  weeks  ending 
October  28  and  November  18.  The  average  weekly  number  of 
reported  deaths  from  this  cause  in  each  month  was  as  follows  :  — 


January, 72 

February 66 

March, 58 

April, 64 

May 68 

June, 52 


July, 58 

August 54 

September, 50 

October, 48 

November, 52 

December 58 


The  following  table  presents  the  variations  from  the  weekly  aver- 
age number  of  deaths  from  this  cause  for  the  past  four  years  :  — 


1896. 

1897. 

1898. 

1899. 

1896. 

1897. 

1898. 

1899. 

January,  . 

+1 

4-8 

0 

+20 

July, 

—1 

+3 

—4 

0 

February, 

+3 

+7 

—1 

+8 

August,     . 

+10 

-7 

~7 

—4 

March, 

—1 

+T 

+11 

0 

September, 

—7 

—6 

—5 

-8 

April, 

+21 

+6 

+7 

+6 

October,   . 

-5 

—4 

—2 

—10 

May, 

+2 

+4 

+2 

+  10 

November, 

—10 

+2 

—2 

—6 

June, 

+1 

—1 

—3 

—6 

December, 

—9 

-3 

+8 

0 

The  ratio  of  reporting  deaths  from  consumption  to  the  mortality 
from  all  causes  was  99.5,  while  that  of  previous  years  was  as  fol- 
lows :  — 


1890 

,     130.0 

1895, 

107.7 

1891,          .... 

.     118.5 

1896, 

105.3 

1892 

.     111.3 

1897, 

104.2 

1893 

.     106.5 

1898, 

104.6 

1894 

.    111.8 

1899, 

99.5 

The  ratio  to  the  reported  living  population  in  1899  was   1.75  per 
1,000,  as  compared  with  1.88  in  1898. 
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Acute  Lung  Diseases. 
The  number  of  reported  deaths  from  acute  lung  diseases  (bron- 
chitis, pneumonia,  pleurisy  and  asthma)  during  the  year  was  3,859, 
and  the  weekly  average  was  74.  The  greatest  number  of  deaths  re- 
ported from  this  group  of  causes  in  a  single  week  was  192,  in  the 
week  ending  January  14,  and  the  least  number  was  22,  in  the  weeks 
ending  August  5  and  August  12.  The  average  weekly  number  of 
reported  deaths  from  these  causes  for  each  month  was  as  follows :  — 


January, 145 

February, 129 

March 106 

April 99 

May 71 

June 55 


July, 30 

August 25 

September, 30 

October 46 

November, 67 

December 96 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  January,  February  and  March,  and  those  having 
the  least  number  were  July,  August  and  September.  The  ratio  of 
reported  deaths  from  acute  lung  diseases  to  the  reported  mortality 
from  all  causes  was  126.56  per  1,000.  The  estimated  death-rate  per 
1,000  of  the  reporting  population  from  these  causes  was  2.23  as 
compared  with  2.12  in  1898. 

DiARRHCEAL    DISEASES. 

The  diseases  included  in  this  group  are  diarrhoea,  dysentery, 
cholera  morbus  and  cholera  infiintum.  From  these  causes  com- 
bined, the  number  of  deaths  reported  in  1899  was  2,049,  and  the 
weekly  average  number  was  39.  The  greatest  number  of  deaths 
reported  from  this  group  of  causes  in  a  single  week  was  227,  in  the 
week  ending  July  22,  and  the  least  number  was  3,  in  the  weeks  end- 
ing January  21,  January  28,  March  4,  April  8  and  22,  June  3  and 
November  18.  The  average  weekly  number  of  reported  deaths  from 
these  causes  in  each  month  was  as  follows  :  — 


January 4 

February 7 

March, 6 

April,    ..........  7 

May 7 

June 13 


July, 136 

August, 156 

September, 83 

October 18 

November 11 

December, 6 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  in  1899  were  July,  August  and  September,  and  those 
having  the  least  were  January,  February,  March  and  December. 
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The  deaths  from  these  causes  in  the  third  quarter  of  the  year  con- 
stituted 83  per  cent,  of  the  number  of  deaths  from  the  same  cause 
for  the  entire  year.  The  ratio  of  the  reported  deaths  to  the  re- 
ported mortality  from  all  causes  was  67.20  per  1,000,  and  the  death- 
rate  of  reporting  population  from  these  causes  was  1.18  per  1,000, 
as  compared  with  1.55  in  1898. 


Typhoid  Fever. 

The  total  number  of  reported  deaths  from  this  cause  in  1899  was 
405,  and  the  average  weekly  number  was  8.  The  greatest  number 
reported  in  any  single  week  from  this  cause  was  20,  in  the  week 
ending  September  16,  and  there  were  no  deaths  reported  from 
typhoid  fever  in  the  week  ending  July  1. 

The  average  weekly  number  of  deaths  reported  from  this  cause 
for  each  month  was  as  follows  :  — 


January 9 

February, 5 

March, 3 

April, 6 

May, 5 

June 3 


July, 8 

August, 11 

September 18 

October 13 

November, 12 

December, 6 


The  months  having  the  least  number  of  deaths  from  this  cause 
were  March  and  June,  and  those  having  the  greatest  number  were 
September  and  October.  The  ratio  of  reported  deaths  from  typhoid 
fever  to  the  reported  mortality  from  all  causes  was  13.28  per  1,000, 
and  the  ratio  of  reporting  population  was  .23  per  1,000,  as  com- 
pared with  .25  in  the  previous  year. 

Diphtheria  and  Croup. 

The  total  number  of  reported  deaths  from  diphtheria  and  croup  in 
1899  was  723,  and  the  average  number  in  each  week  was  14.  The 
greatest  number  reported  in  a  single  week  from  these  combined 
causes  was  35,  in  the  week  ending  December  30,  and  the  least  num- 
ber was  5,  in  the  weeks  ending  June  17  and  July  22. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
for  each  month  was  as  follows  :  — 


January, 14 

February, 15 

March 9 

April 10 

May, 7 

June, 8 


July 11 

August, 9 

September, 14 

October, 23 

November 19 

December, 26 
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The  ratio  of  deaths  from  diphtheria  and  croup  to  the  reported 
mortality  from  all  causes  was  23.71  per  1,000,  and  the  death-rate 
for  the  reporting  population  was  .42  per  1,000,  as  compared  with 
.32  in  the  previous  year. 

Scarlet  Fevee. 
The  reported  deaths  from  scarlet  fever  in  1899  were  159.  The 
greatest  number  reported  from  this  cause  in  a  single  week  was  12, 
in  the  week  ending;  December  30.  There  were  four  weeks  in  which 
no  deaths  from  scarlet  fever  were  reported.  The  average  weekly 
number  reported  in  each  month  was  as  follows  :  — 


January, 2 

February 2 

March, 3 

April 3 

May 3 

June 6 


July 2 

August, 2 

September, 2 

October, 3 

November, 2 

December 7 


The  ratio  of  deaths  from  this  cause  to  the  reported  deaths  from  all 
causes  was  5.21  per  1,000,  and  the  death-rate  of  the  reporting  popu- 
lation from  this  cause  was  .09  per  1,000,  as  compared  with  .04  in 
the  previous  year. 

Cerebro-spinal  Meningitis. 

The  total  number  of  reported  deaths  from  this  cause  was  345,  and 
the  weekly  average  was  7.  The  greatest  number  reported  in  any 
week  from  this  cause  was  12,  in  the  weeks  ending  June  10  and  July 
15,  and  the  least  number  was  1,  in  the  week  ending  June  24. 

The  average  weekly  number  of  deaths  reported  from  this  cause 
for  each  month  was  as  follows :  — 


January,       . 7 

February, 7 

March, 9 

April 8 

May 9 

June, 7 


July 7 

August, 4 

September 5 

October 6 

November 5 

December, 6 


The  months  having  the  greatest  number  of  reported  deaths  from 
this  cause  were  May  and  July,  and   those   having   the  least  were 


August  and  November. 
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Whooping-cough,  Measles,  Malarial  Fever,  Erysipelas   and 

Puerperal  Fever. 
The  essential  statistics  relating  to  these  five  diseases  are  embraced 
in  the  following  table  :  — 


Total  Deaths 
reported. 


"Weekly 
Average. 


Ratio  per 

1,000  of  Total 

Reported 

Deaths. 


Ratio  per 

1,000  of 

Reporting 

Population. 


Whooping-cough, 
Measles, 
Malarial  fever,   . 
Erysipelas, 
Puerperal  fever, 


220 

100 

3 


4.20 
2.00 
0.06 
1.65 
0.42 


7.15 
3.27 
0.09 
2.82 
0.71 


.127 
.060 
.002 
.049 
.012 
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II. 


Fatality  of  Certain  Diseases. 

The  following  tabular  statement  has  been  published  annually  since 
and  including  1891.  It  consists  of  the  statistics  presented  relative 
to  the  principal  notifiable  diseases  in  those  cities  and  towns  from 
which  annual  reports  have  been  sent  by  the  local  boards  of  health 
to  the  State  Board. 

By  comparing  the  deaths  from  each  one  of  the  four  diseases 
enumerated  in  the  table  with  the  reported  cases,  a  fairly  accurate 
estimate  may  be  obtained  of  the  fatality  of  these  diseases.  It  should 
be  borne  in  mind,  however,  that  the  system  of  reporting  cases  is 
probably  not  quite  so  thoroughly  carried  out  as  the  registration  of 
deaths,  the  latter  having  been  in  force  for  more  than  a  half  century. 
Hence  it  is  quite  probable  that  the  general  fatality  percentage  is  a 
little  too  high  for  each  disease. 

Cases  of  Certain  Infectious  Diseases  and  Deaths  frmn  the  Same  as  reported  to  Local 
Boards  of  Health,  Massachusetts,  1899. 


City  ob  Town. 


AouBhnet,      . 
Adams, 
Amesbury,  . 
Arlington,     . 
Attleborougb, 
Ayer,     . 
Belmont,       . 
Boston, 
Bridgewater, 
Bbockton,  . 
Brookline,     . 
Beveblt, 
Cambbidsb, 


Diphtheria 
AND  Crodp. 


Cases.    Deaths. 


14 
5 

2 

41 

4 

3 

2,836 

3 

63 

118 

22 

502 


304 
2 
9 
11 
4 
55 


Scarlet 
Fever. 


Cases.    Deaths. 


10 
13 
27 

8 

18 
27 

6 
1,381 

3 
31 
60 
21 
158 


74 


Ttphoid 
Fever. 


Cases.    Deaths. 


26 
14 
12 

2 

6 

765 

22 

18 

29 

100 


3 
1 

166 

7 
2 
4 
20 


Cases.    Deaths. 


22 
44 
41 
242 
10 
4,110 


32 
473 
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Cases  of  Certain  Infectious  Diseases  and  Deaths  from  the  Same  as  reported  to  Local 
Boards  of  Health,  Massachusetts,  1899 —  Continued. 


City  oe  Town. 


Chelmsford,  . 

Chelsea, 

Chicopee,    . 

Clinton, 

Concord, 

Danvers, 

Dedham,        .        . 

Duxbury, 

EasthamptOD, 

EVEBETT, 

Falmouth, 

FlTCHBURG, 

Franklin, 
Fall  River, 
Gardner, 
Great  Barrlngton, 
Greenfield,    . 
Haverhill, 
Hingham,      .        . 
Hyde  Park,   . 
Holyoke, 

Ipswich,  .  . 
Lancaster,  .  . 
Lee, 

Leicester, 
Leominster,  . 

Lexington,    . 
Lincoln,         . 
Lowell, 
Ltnn,    . 
Malden,       . 
Marblebead, 
Marlborough,    . 
Medford,    . 
Middleborough,    . 


Diphtheria 
AND  Croup. 


Cases.    Deaths. 


15 
2 
3 
130 
4 

50 

67 
37 
15 

9 
101 

6 
25 
68 

1 

3 


29 
5 

152 
176 
56 
28 
13 
47 
3 


Scarlet 
Fever. 


Cases.    Deaths. 


12 
27 
10 
38 

6 
7 
1 
26 
60 

96 

10 

101 

101 

7 

62 

82 

10 

60 

44 

17 

14 

30 

5 

36 

15 

1 

173 

108 

67 

3 

50 

65 

7 


Typhoid 
Fever. 


Cases.    Deaths. 


Cases.    Deaths. 


44 

259 

66 

184 

57 

8 

15 
25 
35 
137 
8 
1,513 


16 

34 
38 

3 
121 
16 

1,181 

552 
184 

2 
116 
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Cases  of  Certain  Infectious  Diseases  and  Deaths  from  the  Same  as  reported  to  Local 
Boards  of  Health,  Massachusetts,  1899  —  Continued. 


Diphtheria 
AND  Croup. 

SCAKLET 

Fkver. 

Typhoid 
Fever. 

Measles. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Millbury 

7 

- 

44 

- 

5 

- 

- 

- 

Milton 

5 

- 

11 

- 

4 

2 

20 

- 

Melrose 

8 

- 

19 

1 

14 

6 

10 

- 

Natick 

6 

- 

19 

- 

- 

- 

29 

- 

New  Bedi-ord 

87 

25 

210 

11 

72 

16 

- 

- 

Newton, 

183 

5 

59 

2 

43 

3 

- 

- 

North  Adams 

17 

3 

41 

- 

20 

5 

258 

3 

Northampton, 

30 

- 

30 

- 

12 

- 

19 

- 

North  Andover 

4 

1 

15 

- 

3 

2 

9 

- 

North  Attleborough,    .... 

10 

1 

8 

- 

- 

- 

- 

- 

Norwood, 

2 

- 

6 

- 

7 

- 

4 

- 

Palmer, 

25 

7 

56 

2 

7 

1 

4 

- 

Pittspield 

21 

- 

88 

3 

15 

1 

5 

- 

77 

6 

59 

- 

60 

9 

303 

- 

Reading 

9 

- 

23 

- 

3 

- 

13 

- 

Revere, 

41 

5 

32 

- 

- 

- 

- 

- 

Rockland 

3 

- 

23 

- 

9 

- 

1 

- 

Balem, 

32 

4 

53 

- 

36 

5 

- 

- 

Sharon, 

1 

- 

- 

- 

5 

- 

1 

- 

Bomervillb 

147 

11 

157 

3 

73 

15 

- 

- 

Springfield 

463 

55 

76 

2 

139 

15 

125 

5 

Stonebam 

11 

- 

10 

- 

23 

2 

3 

- 

Swampscott 

7 

1 

8 

- 

1 

1 

12 

- 

Wakefield 

14 

- 

11 

- 

16 

- 

103 

- 

Walpole, 

2 

- 

- 

- 

2 

- 

4 

- 

Waltham 

58 

4 

144 

1 

34 

6 

229 

1 

"Ware 

3 

1 

54 

1 

1 

- 

5 

- 

Warren, 

3 

1 

20 

1 

6 

- 

8 

- 

Watertown 

17 

2 

25 

1 

8 

1 

31 

- 

Welleeley 

3 

- 

5 

- 

3 

- 

162 

- 

Westborough 

- 

- 

9 

- 

- 

- 

- 

- 

West  Brookfield,          .... 

- 

- 

3 

- 

- 

- 

5- 

- 

Westfield, 

15 

1 

22 

- 

17 

8 

225 

2 

Weston, 

10 

- 

5 

- 

3 

- 

6 

- 

Whitman 

2 

1 

2 

- 

1 

- 

4 

- 
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Cases  of  Certain  Infectious  Diseases  and  Deaths  from  the  Same  as  reported  to  Local 
Boards  of  Health,  Massachusetts,  1899  —  Concluded. 


City  or  Town. 

Diphtheria 
AND  Croup. 

SOARLBT 

Fever. 

Typhoid 
Fever. 

Measles. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Winchendon, 

6 

- 

26 

1 

6 

- 

4 

- 

WincheBter 

14 

1 

13 

1 

7 

1 

177 

1 

Wlnthrop, 

3 

- 

4 

- 

15 

2 

5 

WOBUBN, 

21 

2 

51 

1 

8 

2 

27 

WOKCESTER 

377 

40 

585 

10 

104 

19 

144 

5 

Total 

6,540 

758 

5,130 

171 

2,433 

435 

11,877 

119 

Fatality  (percent.), 

11.6 

3.3 

17.7 

.9 

The  summary  of  the  foregoing  figures  for  1899  is  as  follows :  — 

Reported  cases  of  diphtheria  and  ci'oup, 6,540 

Registered  deaths  from  diphtheria  and  croup  in  the  same  cities  and  towns,        758 
Fatality  (percent.), .        .        .       11.6 

Reported  cases  of  scarlet  fever, 5,130 

Registered  deaths  from  scarlet  fever  in  the  same  cities  and  towns,     .        .        171 
Fatality  (percent.), 3.3 

Reported  cases  of  typhoid  fever, 2,433 

Registered  deaths  from  typhoid  fever  in  the  same  cities  and  towns,  .        .        435 
Fatality  (percent), 17.7 

Reported  cases  of  measles, 11,877 

Registered  deaths  from  measles  in  the  same  cities  and  towns,     .        .        .        119 
Fatality  (percent.),       .        . .        0.9 

The  number  of  cities  and  towns  contributing  to  this  table  in  1899 
was  89,  or  1  less  than  the  number  for  the  previous  year.  Most  of 
the  large  cities  are  included,  and  the  estimated  number  of  their  popu- 
lation was  about  lb  per  cent,  of  the  entire  population  of  the  State. 

The  reported  cases  of  diphtheria  and  croup  were  70  per  cent, 
greater  in  number  than  those  of  1898,  and  the  number  of  deaths 
about  50  per   cent,  greater.     The    fatality  had    again   fallen    from 

13.2  in  1898  to  11.6  in  1899.     These  figures  compare  very  favor- 
ably with  the  pre-antitoxin  period,  1891-94,  when  the  fatality  was 

28.3  per  cent. 
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The  reported  cases  of  scarlet  fever  were  also  46  per  cent,  greater 
than  those  of  the  previous  year,  and  the  fatality  (3.3  per  cent.)  was 
also  slightly  greater,  but  much  less  than  the  mean  fatality  of  the 
previous  eight  years  (5.6). 

The  reported  cases  of  typhoid  fever  were  13  per  cent,  in  excess 
of  those  of  1898,  but  the  fatality  (17.7)  was  less,  and  was  also  less 
than  the  mean  fatality  of  the  eight  years  1891-98,  which  was  19.0. 

The  reported  cases  of  measles  were  greater  than  those  of  any  of 
the  previous  eight  years  except  1897,  but  the  fatality,  .9  of  1  per 
cent.,  was  less  than  that  of  either  of  the  previous  eight  years  except 
1896  and  1897,  in  which  it  was  respectively  .9  and  .7  of  1  per  cent. 

The  following  table  presents  the  summary  of  these  statistics  for 
the  nine  years  1891-99  :  — 


Reported  Cases  of  Infectious  Diseases  in  Massachusetts. 
Diphtheria  atid  Croup, 

[Pre- Antitoxin  Period.] 


1891. 

1892. 

1893. 

1894. 

Total. 

Reported  cases, ■  .       . 

2,444 

3,033 

2,919 

4,936 

13,332 

Deaths, , 

675 

891 

926 

1,376 

3,768 

Fatality  (per  cent.) 

23.5 

29.2 

31.7 

27.9 

28.3 

Diphtheria  and  Croup. 

[Antitoxin  Period.] 


1895. 

1896. 

1897. 

1898. 

1899. 

Total. 

Reported  cases 

Deaths, 

Fatality  (percent.) 

7,856 
1,484 
18.9 

8,915 
1,348 
15.1 

7,858 
1,107 
14.1 

3,843 
507 
13.2 

6,540 

758 

11.6 

35,010 
5,204 
14.9 

Scarlet  Fever. 

1891. 

1898. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898.  1  1899. 

1 

Total. 

Reported  cases, 
Deaths,     . 
Fatality  (percent.), 

4,517 
151 
3.3 

6,112 
281 
4.6 

7,420 
624 
8.8 

7,416 
504 
6.8 

6,050 
357 
5.9 

3,873 
220 
6.7 

5,406 
253 
4.7 

3,509 
101 
2.9 

5,130 
171 
3.3 

49,433 

2,660 

5.3 
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Typhoid  Fever. 


1S9I. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

Total. 

Reported  cases, 
Deaths,     . 
Fatality  (per  cent.), 

2,414 
460 
19.0 

1,892 

435 

23.0 

2,457 

492 

20.0 

2,814 

488 
17.0 

2,665 
458 
17.2 

3,016 
471 
15.6 

2,151 
454 
21.1 

2,143 

464 
21.7 

2,433 
435 
17.7 

21,985 
4,162 
18.9 

Measles. 

1891. 

1892. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

Total. 

Reported  cases, 
Deaths,     . 
Fatality  (per  cent.). 

5,861 

84 

1.4 

783 

31 

4.0 

6,290 
98 
1.6 

2,051 
37 
1.8 

5,033 
75 
1.5 

6,881 

65 

0.9 

13,705 
96 
0.7 

4,160 
42 
1.0 

11,877 
119 
0.9 

56,681 
647 
1.2 

In  the  foregoing  tables  the  statistics  relating  to  diphtheria  and 
croup  have  been  arranged  in  two  periods,  which  may  properly  be 
called  the  pre-antitoxin  and  the  antitoxin  periods,  since  antitoxin 
came  into  general  use  in  the  State  about  the  beginning  of  the  year 
1895.  The  mean  fatality  in  the  former  period  (1891-94)  was 
28.3  per  cent,  (ratio  of  deaths  to  cases),  and  in  the  latter  period 
(1895-99)  it  was  14.9  per  cent.,  or  but  little  more  than  half  as 
large. 

In  order  to  compare  the  general  fatality  from  diphtheria  in  Massa- 
chusetts with  that  of  another  country  in  which  systematic  notifica- 
tion of  a  large  number  of  cases  has  been  conducted  for  a  period  of 
several  successive  years,  the  following  figures  for  England  are  pre- 
sented, as  published  in  the  annual  reports  of  the  Local  Government 

Board  :  — 

England. 

[Local  Government  Board  figures,] 


Diphtheria. 

Ckoup. 

Total. 

Per  Cent. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

1890 

2,953 

753 

26.5 

1891 



- 

- 

- 

11,919 

2,829 

23.7 

1892 

13,977 

3,177 

1,169 

401 

15,146 

3,578 

23.6 

1893 

20,712 

4,751 

1,436 

685 

22,148 

5,436 

24.5 

1894 

17,581 

4,236 

1,256 

486 

18,837 

4,722 

25.1 

1895 

18,700 

4,225 

1,263 

540 

19,963 

4,765 

23.9 

1896 

25,498 

5,372 

1,365 

556 

26,863 

5,928 

22.1 

1897 

24,290 

4,521 

1,153 

473 

25,448 

4,994 

19.6 

1898 

26,139 

4,655 

994 

397 

27,133 

5,052 

18.6 

Total 

- 

- 

- 

170,405 

38,057 

- 

Mea 

n  fatality  (per  cent.),   . 

- 

- 

22.3 
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The  following  figures  present  the  fatality  from  diphtheria  and 
croup,  scarlet  fever  and  typhoid  fever  in  England,  as  reported  by 
the  Local  Government  Board  of  England  for  the  years  1890-98  :  — 


1890. 

1891.      189a. 

1893. 

1894. 

1895. 

1896. 

1897. 

1898. 

Diphtheria  and  croup, 
Scarlet  fever,     . 
Typhoid  fever,  . 

25.5 

8.0 

19.9 

23.7 

5.8 

20.8 

23.6 
4.4 
17.8 

24.5 
4.2 
17.0 

25.1 
4.8 
17.5 

23.9 
4.2 
16.9 

22,1 
4.0 
17.7 

19.6 
3.9 
16.8 

18.6 
3.7 
16.8 

Statistics  relating  to  the  fatality  of  different  diseases  in  the  United 
States  for  periods  anterior  to  1890  are  extremely  meagre  so  far  as 
the  prevalence  of  such  diseases  among  the  general  population  is  con- 
cerned. Figures  compiled  from  hospital  practice  would  show  a 
higher  fatality  than  general  statistics,  since  hospital  cases  are  usually 
those  of  the  more  severe  type. 

In  1857  and  1858  an  attempt  was  made  to  collect  the  number  of 
cases  and  deaths  from  those  diseases  which  were  then  termed  "zy- 
motic," and  the  results  were  published  in  the  "Transactions  of  the 
Massachusetts  Medical  Society"  for  1859-60. 

Comparing  the  figures  then  published  (forty  years  ago)  with  those 
of  the  past  nine  years,  it  appears  that  the  fatality  of  scarlet  fever 
was  8.1  per  cent.,  or  the  ratio  of  107  deaths  to  1 ,316  observed  cases  ; 
that  of  typhoid  fever  was  5.6  per  cent.,  or  the  ratio  of  63  deaths  to 
1,113  cases;  that  of  measles  was  1.5  per  cent.,  or  the  ratio  of  15 
deaths  to  977  cases. 

These  figures,  collected  in  1857  and  1858  from  about  130  physi- 
cians distributed  throughout  Massachusetts,  in  nearly  all  of  the 
counties,  show  that  the  fatality  of  the  diseases  in  question  did  not 
differ  materially  from  that  of  the  present  day,  with  the  exception  of 
typhoid  fever,  in  which  the  fatality  at  that  time  appears  to  have  been 
scarcely  one-third  as  great  as  it  is  now.  It  would  be  difficult  to 
determine  whether  this  difference,  in  the  case  of  typhoid  fever,  is 
actual,  or  is  due  to  difference  in  methods  of  diagnosis. 
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III. 

Official  Returns  of  IS'otified  Diseases  Dangerous 
TO  THE  Public  Health,  1899. 

The  figures  presented  in  the  following  summary  are  those  of  the 
official  returns  of  diseases  "  dangerous  to  the  public  health,"  made 
to  the  State  Board  of  Health  during  the  year  1899,  under  the  pro- 
visions of  chapter  302  of  the  Acts  of  1893.  In  this  act  no  disease 
is  specified  as  being  "  dangerous  to  the  public  health"  except  small- 
pox. Hence  the  State  Board  deemed  it  necessary  to  indicate  the 
diseases  which  should  be  included  in  the  meaning  of  the  term  "  dan- 
gerous to  the  public  health."  They  are  the  following :  small-pox, 
scarlet  fever,  measles,  typhoid  fever,  diphtheria,  membranous  croup, 
cholera,  yellow  fever,  typhus  fever,  cerebro-spinal  meningitis,  hydro- 
phobia, malignant  pustule,  leprosy  and  trichinosis. 

The  whole  number  of  cases  of  infectious  diseases  reported  to  the 
Board  in  1899,  under  the  provisions  of  this  act,  was  27,719,  which 
were  divided  as  follows  :  — 


Reported  cases  of  small-pox, 
Reported  cases  of  diphtheria  and  croup, 
Reported  cases  of  scarlet  fever. 
Reported  cases  of  typhoid  fever,    . 
Reported  cases  of  measles, 


Total, 


105 

7,134 

5,349 

2,776 

12,355 

27,719 


The  summary  for  the  seven  years  1893-99  is  as  follows 


Reported  Cases  op 

Small-pox. 

Diphtheria 
and  Croup. 

Scarlet 
Fever. 

Typhoid 
Fever. 

Measles. 

Total. 

1893  (four  months  only), 

1894 

1895 

1896,    

1897 

1898 

1899 

35 
181 
1 
5 
18 
10 
105 

1,109 
4,178 
7,806 
8,515 
7,613 
3,980 
7,134 

2,914 
6,731 
6,194 
3,801 
5,495 
3,667 
5,349 

1,525 
2,372 
2,438 
2,637 
2,104 
2,196 
2,776 

1,503 
2,133 
4,868 
6,362 

12,695 
4,478 

12,355 

7,086 
15,595 
21,307 
21 ,320 
27,925 
14,331 
27,719 

Total 

355 

40,335 

34,151 

16,048 

44,394 

135,283 

Seasonal  Distribution.  —  By  months  these  diseases  were  reported 
as  follows  :  — 


700 


STATE   BOAED   OF   HEALTH.  [Pub.  Doc. 


Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  by  Months 

in  1899. 


•a 

c 

u 

as 

>4 

> 

CH 

> 

«■ 

03 

>• 

1^ 

M 

<s 

fe 

E4 

i~>    . 

a 

a 

o 
si 
o. 

a 

P< 

a 

II 

"S 

03 

o 

•a 

OD 

a; 

01 

!» 

Q 

CO 

H 

S 

cc 

a 

m 

y 

a 

January, 

434 

360 

146 

1,066 

August, 

6 

475 

245 

385 

88 

February,     . 

- 

400 

348 

73 

1,200 

September,  . 

7 

763 

380 

567 

60 

March, 

- 

365 

432 

102 

2,050 

October, 

16 

1,021 

633 

447 

138 

April,   . 

9 

313 

304 

135 

1,840 

November,   . 

6 

927 

713 

306 

235 

May,     . 
June,    . 

34 
12 

424 
383 

435 
329 

81 
100 

2,361 
1,987 

December,   . 

13 

1,108 

849 

256 

686 

July,     . 

2 

485 

241 

158 

614 

Total,    . 

105 

7,098 

5,269 

2,756 

12,355 

The  difference  between  the  total  figures  in  the  foregoing  tables  is 
accounted  for  by  the  fact  that  the  returns  of  several  small  towns 
were  not  reported  by  months,  but  in  some  instances  only  at  the 
close  of  the  year,  a  method  which  is  not  sanctioned  by  the  statutes, 
the  law  requiring  that  such  reports  shall  be  sent  to  the  State  Board 
"within  twenty-four  hours  "after  their  receipt  by  the  local  board 
of  health. 

The  significance  of  the  foregoing  figures  may  be  more  clearly 
understood  and  compared  with  those  of  the  previous  years  by  con- 
Bultins:  the  following  table  :  — 

hitensity  of  Prevalence, 


Diphtheria  and 
Croup. 

Scarlet  Fevee. 

Typhoid  Fevkr. 

Measles. 

1899. 

1898. 

1899. 

1898. 

1899. 

1898. 

1899. 

1898. 

A 

B 

B 

A 

B 

B 

A 

B 

B 

A 

B 

B 

^ 

t,  m 

I. 

u 

im  m 

^ 

Months. 

J2   X 

•^  3   ■ 

•2S  . 

Zt3  o 

o 

o 
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o 

in 

o 

o 

o 

o 
5^ 

>>2g 

ri 

CiJo 
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mS 
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«o 

do 
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-S 
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-S 
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2"S  = 

1m 

SJc^ 

OS  V.  c 

1.^ 

ga 

S 

a 

a 

S 

a 

S 

o 

Q 

s 

a 

Q 

January,    . 

14.0 

7.2 

13.8 

11.6 

8.1 

11.2 

4.7 

6.2 

6.0 

34.4 

10.2 

6.4 

February,  . 

14.3 

7.4 

11.8 

12.4 

8.6 

7.6 

2.6 

3.4 

4.5 

42.9 

12.7 

9.2 

March, 

11.8 

6.1 

9.6 

13.9 

9.7 

9.2 

3.3 

4.4 

5.6 

66.1 

19.5 

9.1 

April, 

10.4 

6.4 

9.9 

10.1 

7.0 

9.8 

4.5 

6.0 

5.3 

61.3 

18.1 

14.3 

May,  . 

13.7 

7.1 

7.4 

14.0 

9.7 

14.7 

2.6 

3.4 

4.6 

76.2 

22.5 

16.9 

June, . 

12.8 

6.6 

5.7 

11.0 

7.6 

8.4 

3.3 

4.4 

5.3 

66.2 

19.6 

12.6 

July,  . 

15.6 

8.0 

6.0 

7.8 

5.4 

4.9 

6.1 

6.8 

5.0 

20.8 

6.1 

7.8 

August, 

15.3 

7.9 

6.0 

7.9 

6.5 

4.9 

12.4 

16.4 

12.9 

2.8 

0,8 

2.8 

September, 

25.4 

13.1 

7.4 

12.7 

8.8 

7.5 

18.9 

25.0 

26.1 

2.0 

0.6 

2.0 

October,     . 

32.9 

17.0 

10.9 

20.4 

14.2 

12.7 

14.4 

19.1 

21.1 

4.2 

1.2 

4.3 

November, 

30.9 

15.9 

17.5 

23.8 

16.6 

14.9 

10.2 

13.5 

14.0 

7.8 

2.3 

12.6 

December, 

35. 7 

18.4 

15.3 

27.4 

19.0 

13.8 

8.3 

11.0 

9.6 

22.1 

6.5 

21.9 

Mean,  . 

19.4 

10.0 

10.0 

14.4 

10.0 

10.0 

7.6 

10.0 

10.0 

S3. 8 

10.0 

10.0 
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The  object  of  the  foregoing  table  is  to  present  the  figures  for  each  month 
upon  a  uniform  basis  of  comparison,  month  by  month,  so  that  the  relative 
intensity  of  prevalence  of  each  disease  is  shown  for  each  month.  The 
method  also  has  the  advantage  of  eliminating  the  apparent  errors  of  com- 
putation arising  from  the  unequal  length  of  the  months. 

The  figures  may  be  read  as  follows  :  For  example,  the  mean  daily  num- 
ber of  reported  cases  of  diphtheria  and  croup  in  January,  1899,  was  14.0 ; 
of  scarlet  fever,  11.6;  of  typhoid  fever,  4.7;  and  of  measles,  34.4  (see 
columns  marked  A)  ;  and  the  mean  daily  number  of  reported  cases  of  the 
same  diseases  for  the  whole  year  1899  was,  respectively,  19.4,  14.4,  7.5 
and  33.8.  Assuming  a  standard  of  10  as  a  daily  mean  of  each  disease  for 
the  year,  the  ratios  for  January  were  as  follows  :  diphtheria  and  croup, 
7.2;  scarlet  fever,  8.1;  typhoid  fever,  6.2;  and  measles,  10.2.  (See 
columns  marked  B.)  That  is  to  say,  for  each  10  cases  of  diphtheria  and 
croup  reported  daily  throughout  the  year  1899,  as  a  mean,  there  were  7.2 
in  January,  7.4  in  February,  6.1  in  March,  etc. 

It  appears  from  the  foregoing  table  that  the  seasonal  prevalence 
of  diphtheria  and  croup  in  the  year  1899  maintained  a  fairly  uniform 
course  throughout  the  first  eight  months,  and  then  showed  a  sudden 
rise  in  September  and  remained  at  a  high  rate  for  the  rest  of  the 
year.  In  1898  it  was  at  its  lowest  ebb  in  August,  and  in  1899  in 
April.  It  reached  its  maximum  in  1898  in  November  and  in  1899 
in  December. 

Scarlet  fever  also  appears  to  have  maintained  an  intensity  below 
the  mean  during  the  first  nine  months  of  the  year,  rising  to  a  maxi- 
mum in  December ;  while  in  1898  its  course  was  more  irregular, 
having  a  rise  above  the  mean  in  January,  May  and  the  last  three 
months  of  the  year. 

The  prevalence  of  typhoid  fever  was,  as  in  previous  years,  more 
uniform  than  that  of  the  other  specified  diseases,  reaching  its  maxi- 
mum in  September  both  in  1898  and  1899. 

Measles  prevailed  with  the  greatest  severity  throughout  the  first 
six  months  of  1899,  and  reached  its  minimum  in  August  and  Sep- 
tember, when  comparatively  few  cases  were  reported.  The  prev- 
alence of  this  disease  in  1898  was  more  irregular,  since  in  that  year 
its  course  was  above  the  mean  in  April,  May  and  June,  then  falling 
to  a  minimum  in  August  and  September.  There  was  also  a  recru- 
descence in  November  and  December.  The  whole  number  of  cases 
of  measles  reported  in  1899  was  nearly  three  times  as  many  as  those 
reported  in  1898,  and  almost  as  many  as  those  reported  in  1897. 
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The  followiog  table  presents  the  number  of  cases  of  infectious  dis- 
eases reported  to  the  State  Board  of  Health  from  each  city  and  town 
in  1899.  The  number  of  reporting  cities  and  towns  was  219,  that 
of  the  preceding  year  having  been  only  167.  The  diflference  is  un- 
doubtedly due  to  an  unusual  prevalence  of  infectious  diseases  in 
1899.  Many  towns  having  a  population  of  less  than  2,000  in  each 
reported  in  1899  which  did  not  report  in  1898,  probably  on  account 
of  the  entire  absence  of  the  specified  diseases  in  those  towns. 

The  slight  diiference  in  numbers  presented  in  this  table  and  in 
that  of  Section  II.  is  accounted  for  by  the  deficiency  in  the  number 
of  official  returns  made  to  the  State  Board  of  Health. 


Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  Two  Hun- 
dred and  Nineteen  Cities  and  Towns  during  1899. 


OS 

.a 

a 

5 

> 

o 
o. 

1 

u 

> 

1 

CO 

5 

i 
> 

o 
.a 
o. 
>. 

i 

a 

Acton,     . 

- 

15 

- 

- 

Bolton,    . 

2 

- 

- 

4 

Acushnet, 

10 

- 

4 

- 

Boston,  . 

1,381 

2,873 

■  771 

4,211 

Adams,    . 

6 

8 

- 

- 

Braintree, 

4 

15 

- 

- 

Agawam, 

4 

24 

6 

- 

Brldgewater, 

3 

3 

- 

4 

Amesbury,      . 

24 

4 

20 

26 

Bbockton, 

20 

44 

16 

6 

Amherst,         . 

2 

- 

1 

- 

Brookfleld, 

26 

5 

2 

- 

Andover, 

8 

25 

18 

5 

Brookline, 

53 

111 

17 

101 

Arlington, 

6 

2 

12 

38 

Burlington, 

1 

- 

- 

- 

Ashburnham, 

4 

1 

- 

- 

Cambridge, 

149 

498 

99 

468 

Ashland, 

1 

1 

- 

- 

Canton,    . 

1 

1 

- 

- 

Attleborough, 

23 

32 

8 

36 

Carlisle,  . 

- 

2 

- 

- 

Ayer, 

11 

4 

1 

84 

Carver,    . 

- 

1 

- 

- 

Auburn, . 

- 

3 

- 

- 

Chelmsford, 

11 

3 

2 

15 

Avon, 

3 

- 

- 

- 

Chelsea, 

24 

81 

55 

202 

Barnstable,     . 

2 

- 

1 

6 

Cheshire, 

- 

6 

- 

- 

Barre, 

- 

~ 

- 

5 

Chester,  . 

2 

2 

- 

- 

Bedford, . 

- 

1 

4 

85 

Chicopeb, 

9 

33 

23 

63 

Belchertown,  . 

2 

- 

- 

4 

Cliaton,   . 

28 

10 

14 

174 

Bellingham,    . 

- 

1 

2 

- 

Colrain,  . 

1 

6 

- 

- 

Belmont, 

6 

3 

6 

- 

Concord, 

- 

7 

5 

50 

Berkley,  . 

1 

- 

- 

- 

Cottage  City, 

- 

- 

3 

1 

Beveklt, 

21 

20 

27 

31 

Dalton,    . 

1 

4 

■      - 

- 

Billerica, 

11 

1 

3 

- 

Danvers, 

6 

7 

8 

8 
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Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  Two  Hun- 
dred and  Nineteen  Cities  and  Towns  during  1899  —  Continued. 


> 

Ci 

03 

i 

a. 
5 

OS 

> 

Si 

S3 
CO 

(5 

> 
o 

C3 

Dartmouth,     . 

1 

1 

- 

- 

Hinsdale, 

- 

2 

- 

- 

Dedham, 

2 

10 

1 

15 

Holden,   . 

13 

- 

- 

- 

Dighton, . 

- 

13 

1 

- 

HoUiston, 

2 

- 

1 

12 

Douglas, . 

5 

1 

- 

- 

HOLTOKB, 

43 

49 

44 

9 

Dover,     . 

- 

6 

- 

1 

Hopedale, 

7 

2 

- 

4 

Dracut,    . 

- 

- 

52 

- 

Hopkinton, 

- 

- 

1 

- 

Duxbury, 

1 

1 

4 

17 

Hudson,  . 

15 

1 

3 

2 

Easthampton, 

14 

3 

- 

4 

Hull, 

1 

- 

- 

- 

East  Longmeadow 

- 

7 

- 

1 

Huntington, 

- 

2 

1 

- 

Edgartown,    . 

- 

- 

3 

- 

Hyde  Park, 

27 

14 

9 

4 

Everett, 

62 

126 

23 

107 

Ipswich, . 

17 

1 

2 

33 

Fairhaven, 

2 

2 

22 

- 

Lancaster, 

9 

1 

6 

11 

Fall  River,  . 

62 

41 

65 

1 

Lawrence, 

159 

380 

129 

754 

Falmouth,       . 

- 

3 

- 

5 

Leicester, 

4 

- 

10 

2 

FiTCHBURG,     . 

96 

51 

39 

1,519 

Lenox,     . 

7 

- 

- 

- 

Foxborough,  . 

2 

2 

1 

1 

Leominster, 

32 

29 

6 

61 

Franklin, 

- 

1 

8 

70 

Lexington, 

14 

6 

7 

12 

Gardner,         . 

80 

35 

5 

1 

Lincoln,  . 

- 

- 

3 

- 

Gill,         .        . 

- 

1 

- 

- 

Littleton, 

1 

- 

- 

- 

Gloucester, 

22 

12 

15 

104 

Lowell, 

185 

149 

56 

1,029 

Grafton,  . 

4 

5 

- 

- 

Ludlow,  • 

- 

8 

52 

- 

Granville, 

3 

5 

- 

5 

Lunenburg, 

1 

- 

- 

- 

Great  Barrington, 

- 

11 

- 

- 

Lynn, 

97 

150 

71 

476 

Greenfield, 

51 

9 

3 

8 

Malden, 

61 

56 

35 

173 

Groton,    . 

9 

- 

9 

2 

Manchester, 

1 

4 

- 

- 

Groveland, 

10 

2 

1 

1 

Mansfield, 

1 

2 

1 

- 

Hadley,   . 

- 

- 

1 

- 

Marblehead, 

2 

23 

4 

- 

Hamilton, 

1 

1 

1 

- 

Marlborougi 

I, 

35 

8 

2 

2 

Hampden, 

7 

1 

- 

- 

Marshfield, 

1 

2 

2 

3 

Hardwick, 

72 

2 

4 

- 

Maynard, 

8 

- 

= 

Harvard, 

3 

- 

- 

- 

Medfleld, 

3 

4 

- 

4 

Hatfield, . 

5 

- 

5 

- 

Medford, 

47 

32 

17 

70 

Harwich, 

- 

- 

1 

- 

Medway, 

- 

6 

- 

43 

Haverhill,  . 

82 

100 

63 

29 

Melrose, 

3 

2 

4 

- 

Hlngham, 

5 

8 

- 

- 

Mendon,  . 

1 

3 

- 

- 
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Cases  of  Infectious  Diseases  reported  to  the  Slate  Board  of  Health  from  Two  Hun- 
dred and  Nineteen  Cities  and  Towns  during  1899  —  Continued. 


Merrlmac, 

Middleborough, 

MiddletoD, 

Milford,  . 

Millbury, 

MiltOD,    . 

MoDBon,  . 

Monterey, 

Needbam, 

New  Bedford, 

New  Braintree, 

Nkwburtport, 

Newton, 

North  Adams, 

Northampton, 

North  Andover, 

North  Attleborough, 

Northborough, 

Northbridge,  . 

North  Brookfleld, 

Northfield, 

Norton,    . 

Norwell, . 

Norwood, 

Orange,   . 

Palmer,   . 

Paxton,    . 

Peabody, 

Pelhatn,  . 

Pembroke, 

Pepperell, 

PiTTSriELD, 

Plymouth, 
Princeton, 
QUINCT,  . 


2 

7 

2 

6 

44 

12 

3 

2 

2 

209 

1 

6 

59 
33 
11 
13 
6 
3 

16 
6 


10 

174 

11 

22 

4 

2 

6 

14 

60 


1 

37 

112 

360 

146 

1 


212 


Randolph, 

Reading, . 

Revere,    . 

Rochester, 

Rockland, 

Rockport, 

Rowley,  . 

Royalston, 

Salem,    . 

Salisbury, 

Sandisfleld, 

Saugus,   . 

Sharon,    . 

Sherborn, 

Shirley,  . 

Somerset, 

SOMERVILLB, 

Southampton, 
Southborough 
Southbridge, 
South  Hadley: 

SPRINGriELD, 

Sterling,  . 

Stoneham, 

Stoughton, 

Sutton,    . 

Swampscott, 

Swansea, 

Stockbridge, 

Taunton, 

Templeton, 

Tisbury, . 

Townsend, 

Upton, 

Usbridge, 


27 


1 

2 

17 

9 

29 

35 

2 

- 

23 

3 

27 

1 

- 

1 

116 

33 

4 

1 

140 
1 


5 

1 

54 

124 

4 

3 

6 

30 

3 

- 

5 

1 

2 

- 

- 

1 

31 

8 

39 

2 

1 

- 

1 

6 

5 

- 
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Cases  of  Infectious  Diseases  reported  to  the  State  Board  of  Health  from  Two  Hun- 
dred and  Nineteen  Cities  and  Towns  during  1899  —  Concluded. 
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i* 
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1. 

5 

o 

a 

a. 
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03 
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o. 
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> 

■3 

si 

US 

Wakefield, 

7 

14 

- 

109 

Westport, 

18 

- 

- 

- 

Walpole, 

- 

2 

3 

4 

West  Springfield,  . 

10 

217 

6 

8 

"Waltham, 

134 

59 

28 

78 

West  Stockbridge, 

3 

- 

- 

- 

"Ware, 

46 

2 

- 

- 

Weymouth,    . 

12 

16 

2 

13 

Wareham, 

1 

4 

- 

- 

Whitman, 

8 

3 

1 

2 

Warren,  . 

29 

3 

7 

6 

Wilbraham,     . 

- 

5 

2 

- 

Watertown, 

25 

16 

8 

23 

Williamstown, 

27 

1 

4 

8 

Wayland, 

13 

1 

- 

- 

Winchendon, . 

24 

5 

5 

4 

Webster, 

6 

2 

9 

- 

Winchester,    . 

- 

2 

1 

- 

Wellesley, 

4 

3 

3 

135 

Wlnthrop, 

1 

2 

11 

2 

Westborough, 

9 

1 

- 

- 

WOBUEN, 

37 

20 

2 

10 

West  Boylston, 

29 

1 

- 

10 

Worcester,  . 

497 

348 

89 

80 

Weslfield, 

5 

2 

3 

10 

Worthlngton, 

- 

4 

- 

- 

Weatford, 

7 

- 

1 

- 

Wrentham, 

5 

- 

1 

~ 

WeBtminster, 

2 
6 

_ 

_ 

9 

Yarmouth, 
Totals,      . 

3 

- 

- 

- 

West  Newbury, 

5,349 

7,134 

2,776 

'12,355 

Weston,  . 

5 

3 

4 

1 

Small-pos  occurred  In  the  following  cities  and  town  :  — 

Boston 

Chelsea, 

Fall  River, 

Everett, 

Swampscott, 

Melrose 

Lowell, 


List  of  Towns  from  which  no  Reports  were  received. 

/.     Towns  having  a  Population  of  More  than  5,000  in  Each. 


Athol, 
Blackstone, 


Framingham, 
Methuen, 


Natick, 
Spencer.  —  6. 


II,     Towns  having  a  Population  of  More  than  1,000  but  Less  than  5,000  in  Each. 


Abington, 

Amherst, 

Ashfield, 

Auburn, 

Ayer, 

Bourne, 


Bradford, 

Buckland, 

Charlemont, 

Charlton, 

Chatham, 

Clarksburg, 


Cohasset, 

Conway, 

Deerfield, 

Dennis, 

Dudley, 

East  Bridgewater, 
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11.     Towns  having  a  Population  of  More  than  1,000  hut  Less  than  5,000  in  Each 

—  Concluded. 


Easton, 

Essex, 

Freetown, 

Georgetown, 

Hanover, 

Hanson, 

Harwich, 

Hatfield, 

Holbrook, 

Hubbardston, 

Kingston, 

Lee, 


Mattapoisett, 

Millis, 

Nantucket, 

Newbury, 

New  Marlborough, 

Orleans, 

Oxford, 

Provincetown, 

Raynham, 

Rehoboth, 

Sandwich, 

Scituate, 


Seekonk, 

Sheffield, 

Shelburne, 

Shrewsbury, 

Sturbridge, 

Sudbury, 

Tewksbury, 

Topsfield, 

West  Bridgewater, 

West  Brookfield, 

Williamsburg, 

Williamstown.  —  54. 


Ill,     Towns  having  Less  than  1,000  Inhabitants. 


Alford, 

Ashby, 

Becket, 

Berlin, 

Bernardston, 

Blandford, 

Boxborough, 

Boxford, 

Boylston, 

Brewster, 

Brimfield, 

Chesterfield, 

Chilmark, 

Cummington, 

Dana, 

Dunstable, 

Eastham, 

Egremont, 

Enfield, 

Erving, 

Florida, 

Gay  Head, 

Goshen, 

Gosnold, 

Granby, 

Greenwich, 


Halifax, 

Hancock, 

Hawley, 

Heath, 

Lakeville, 

Lanesborough, 

Leverett, 

Leyden, 

Longmeadow, 

Lynnfield, 

Marion, 

Mashpee, 

Middlefield, 

Montgomery, 

Mount  Washington, 

N  ah  ant, 

New  Ashfoi'd, 

New  Salem, 

Norfolk, 

North  Reading, 

Oakham, 

Otis, 

Peru, 

Petersham, 

Phillipston, 

Plainfield, 


Plympton, 

Prescott, 

Rowe, 

Russell, 

Rutland, 

Savoy, 

Shutesbury, 

Southwick, 

Stow, 

Sunderland, 

Tolland, 

Truro, 

Tyngsborough, 

Tyringham, 

Wales, 

Warwick, 

Washington, 

Wellfleet, 

Wendell, 

Wenham, 

Westhampton, 

West  Tisbury, 

Whately, 

Windsor.  —  76. 


A  supply  of  postal  cards  for  the  purpose  of  reporting  infectious 
diseases  to  the  State  Board  of  Health,  as  required  by  statute,  will  be 
forwarded  to  any  local  board  of  health  on  application  to  the  secre- 
tary of  the  State  Board,  Room  141,  State  House,  Boston. 
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lY. 

Official  Retur:n^s  of  Deaths  in  Cities  and  Laege 
Towns  (Chapter  218,  Acts  of  1894). 

The  following  summary  comprises  the  results  obtained  from  the 
tabulation  of  the  returns  required  by  chapter  218  of  the  Acts  of 
1894,  whereby  the  board  of  health  of  each  city  and  populous  town 
is  directed  to  send  to  the  State  Board  of  Health  an  annual  state- 
ment of  the  deaths  in  such  city  or  town  upon  a  blank  form  furnished 
by  the  State  Board. 

The  whole  number  of  cities  and  towns  included  in  this  list  is 
85.*  The  total  population  of  these  85  cities  and  towns  by  the 
census  of  1895  was  2,034,658. 

The  death-rates  of  these  towns  in  the  following  summary  for  the 
year  1899  are  calculated  upon  an  estimated  population,  such  esti- 
mate being  based  upon  the  rate  of  growth  from  1890  to  1895,  as 
taken  from  the  census  returns. 

This  estimate  would  add  several  more  towns  to  the  list  for  1899, 
and  seven  towns  (Bridge water,  Easthampton,  Hingham,  North 
Brookfield,  Reading,  Williamstown  and  Winthrop)  have  voluntarily 
sent  returns  to  the  Board,  although  not  required  by  the  statute, 
thus  making  (with  the  omission  of  Montague,  Northbridge  and 
Pittsfield)  the  total  number  of  cities  and  towns  included  in  the 
summary  89. 

The  estimated  population  of  these  89  towns  in  1899  was  2,268,272, 
or  about  80  per  cent,  of  the  total  population  of  the  State. 

The  whole  number  of  deaths  registered  in  these  towns  in  1899 
was  39,176,  and  the  death-rate  calculated  upon  the  foregoing  esti- 
mated population  was  17.26  per  1,000  living.  This  rate  was  un- 
usually low,  and  was  very  nearly  the  same  as  that  of  the  preceding 
year. 

Sexes.  — The  number  of  deaths  of  males  was  20,007,  or  51.1  per 
cent,  of  the  whole  number  of  deaths  of  those  whose  sex  was  known  ; 

*  The  towns  of  Montague  and  Northbridge  and  the  city  of  Pittsfield  have  failed  to  make  the 
necessary  returns  for  the  year  1899. 
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and  the  deaths  of  females  were  19,161,  or  48.9  per  cent.     There 
were  8  in  which  the  sex  was  not  stated  in  the  returns. 

Ages.  —  The  deaths  by  four  groups  of  ages  were  as  follows  :  — 


Deaths. 
1899. 

Percentages  of 
All  Deaths. 

Ages. 

Deaths. 
1899. 

Percentages  of 
All  Deaths. 

1899. 

1898. 

1899. 

1898. 

IjDder  1  year, 

1  to  20  years,         . 

8,940 
6,239 

22.84 
15.94 

24.77 
15.05 

20  to  60, 

50  and  over,  . 

9,817 
14,139 

25.09 
36.13 

25.44 
34,74 

The  deaths  of  infants  under  one  year  old  were  8,940,  or  22.84 
per  cent,  of  the  total  mortality,  as  compared  with  24.77  per  cent, 
in  the  previous  year,  and  those  of  children  under  five  years  old  were 
12,480,  or  31.9  per  cent,  of  the  total  mortality,  as  compared  with 
33.07  per  cent,  in  1898. 

All  of  the  percentages  in  this  table  are  estimated  upon  the  number 
of  deaths  of  those  whose  ages  were  specified  in  the  returns.  The 
total  number  of  deaths  in  which  the  age  was  not  specified  was  41. 

Still-birlhs.— The  number  of  still-births  was  2,220. 

The  most  noteworthy  fact  in  the  foregoing  figures  for  1899  is  the 
low  percentage  of  infant  mortality,  which  was  only  22.8,  as  com- 
pared with  22.9,  24.9,  23.5  and  24.8,  respectively,  for  the  years 
1895,  1896,  1897  and  1898. 

The  percentages  of  deaths  at  ages  1  to  20  years  was  also  the 
lowest  of  this  period,  with  the  exception  of  that  of  1898.  This 
unusually  low  percentage  of  mortality  at  all  ages  below  twenty  is 
due  mainly  to  the  low  death-rate  from  infectious  diseases,  which 
bear  most  heavily  on  the  early  ages  of  life. 

Months  and  Quarters. — The  number  of  deaths  in  each  quarter 
of  the  year  is  shown  in  the  following  table  :  — 


Deaths. 
1899. 


First  quarter,  . 
Second  quarter. 
Third  quarter,  . 
Fourth  quarter. 
Total,  . 


10,566 
9,109 

10,380 
9,121 


39,176 


Pbecentagbs. 


1899. 


26.97 
23.25 
26.50 
23.28 


100.00 


1898. 


23.69 
23.06 
28.96 
24.29 


100.00 
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The  foregoing  percentages  of  mortality  by  quarters  of  the  year 
differ  from  those  of  the  previous  four  years  in  the  high  percentage 
of  the  first  quarter,  which  in  1899  exceeded  that  of  each  of  the  other 
quarters,  a  fact  which  was  probably  due  to  an  unusual  prevalence  of 
pneumonia  in  that  quarter. 

The  intensity  of  the  seasonal  death-rate  is  shown  in  the  following 
table,  the  method  employed  being  explained  on  page  701  in  Section 
III.,  relating  to  disease  notification  :  — 


Mean  Daily 
Deaths 

per  Month. 
1899. 

Centesimal  Ratio. 

Mean  Daily 
Deaths 

per  Month. 
1899. 

Centesimal  Katio. 

1899. 

1898. 

1899. 

1898. ' 

January,     . 
February,    . 
March, 
April,  . 
May,    . 

132.0 
119.2 
101.2 
109.2 
97.2 
93.5 
115.8 

123.0 

111.1 
94.3 

101.8 
90.6 
87.1 

107.9 

95.3 
95.4 
97.4 

100.7 
93.2 
83.6 

101.5 

August, 
September, , 
October, 
November,  . 
December,  . 
Annual  mean, . 

117.7 
104.7 
92.8 
95.3 
109.2 

109.7 
97.6 
86.5 
88.8 

101.8 

129.1 
114.0 
95.9 
91.2 
101.9 

June,   . 
July,    .        . 

107.3 

100.0 

100.0 

The  figures  in  the  foregoing  table  indicate  an  excessive  departure 
in  excess  of  the  mean  death-rate,  in  January  and  February,  while 
that  of  May,  June  and  October  was  correspondingly  low. 

The  mean  maximum  departure  from  the  death-rate  for  each  month 
for  the  period  of  twenty  years,  1856-75,  was  32.9  per  cent,  in  Aug- 
ust, and  in  the  twenty-year  period  1876-95  it  was  20  per  cent,  in 
August,  while  that  of  August,  1899,  was  only  9.7  per  cent.,  and 
that  of  January,  1899,  was  23  per  cent. 

In  the  two  years  having  the  highest  death-rates  in  Massachusetts 
in  the  past  half  century  (1849  and  1872)  the  maximum  departures 
from  the  yearly  means  were,  respectively,  83.4  per  cent,  in  August, 
1849,  and  40  per  cent,  in  August,  1872.  That  of  January,  1890, 
the  month  in  which  the  epidemic  of  influenza  was  at  its  maximum, 
was  43.4  per  cent,  above  the  mean. 


Causes  of  Death. 
Table  IV.  presents  the  mortality  of  the  cities  and  towns  embraced 
in  this  summary,  classified  by  causes  of  death  for  the  year  1899. 
The  same  figures  are  again  presented  in  a  condensed  form  in  Table 
v.,  wherein  the  comparative  mortality  from  different  diseases  and 
groups  of  diseases  for  the  past  five  years  may  be  examined. 
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It  appears  from  Table  V.  on  page  726  that  the  low  general  death- 
rate,  which  was  noted  in  the  last  annual  report,  has  continued 
throughout  1899,  so  far  as  can  be  judged  from  the  usual  estimates  of 
population,  the  principal  improvement  being  shown  in  the  infectious 
diseases  near  the  top  of  the  column.  It  is  a  source  of  much  satisfac- 
tion to  note  that  marked  changes  have  taken  place  in  the  death-rate 
from  those  diseases  which  are  clearly  preventable,  and  this  may  be 
taken  as  an  index  of  better  sanitary  organization  and  work  in  the 
cities  and  towns  named  in  the  list. 

Consumption,  measles,  scarlet  fever,  diphtheria,  whooping-cough, 
typhoid  fever,  puerperal  fever  and  cholera  infantum  are  diseases 
which  yield  to  the  action  of  human  agencies,  such  as  isolation,  dis- 
infection, cleanliness,  purification  of  water  supplies  and  improve- 
ment in  methods  of  infant  care  and  feeding,  and  the  decided  decrease 
in  the  combined  death-rate  from  these  diseases  is  well  marked  in 
Table  V. 

The  combined  death-rate  per  10,000  of  the  population  from  these 
eight  diseases  was  as  follows  for  the  five  years  1895-99  in  the  cities 
and  towns  named  in  the  foregoing  list,  or  about  four-fifths  of  the, 
total  population  of  the  State  :  — 


1895, 
1896, 
1897, 


Combined 

Death-rate  per 

10,000  from 

Certain  Diseases. 


1898, 
1899, 


Combined 

Death-rate  per 

10,000  from 

Certain  Diseases. 


36.3 
35.2 


Comment  was  made  in  the  last  two  reports  upon  the  fact  that  esti- 
mates made  in  intercensal  years  are  liable  to  error  in  either  direction, 
and  that  no  method  of  estimating  populations  can  produce  exact 
results,  in  the  absence  of  other  definite  knowledge.  It  was  for  this 
reason  that  the  tables  of  death-rates  made  up  from  the  total  estimated 
population  have  been  published  in  parallel  columns,  together  with 
the  percentages  of  the  total  mortality  in  each  of  the  annual  reports 
since  and  including  1892  (see  pages  xlviii,  xlix,  twenty-fourth 
annual  report,  1892),  and  especially  in  the  very  full  report  of  1896, 
embracing  the  statistics  of  forty  years  (1856-95). 

The  table  of  percentages  of  total  mortality  acts,  in  a  measure,  as 
a  check  or  control  in  case  of  erroneous  estimates  of  population.     It 
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is  for  this  reason  that  a  similar  condensed  statement  is  here  intro- 
duced in  Table  V. 

The  changes  in  the  death-rate  from  consumption,  typhoid  fever 
and  puerperal  fever  (see  child-birth  in  report  of  1896,  page  804) 
have  been  quite  fully  treated  in  the  report  of  1896.  To  these  may 
be  added  the  later  comments  on  the  changes  in  the  death-rate  from 
diphtheria,  which  appear  in  the  figures  of  the  past  five  years. 

Examined  from  another  stand-point  (the  mortality  from  all  causes) 
these  eight  preventable  causes  of  death,  consumption,  measles,  scar- 
let fever,  diphtheria,  whooping-cough,  typhoid  fever,  puerperal  fever 
and  cholera  infantum,  together  constituted  27.2  per  cent,  of  the  total 
mortality  in  1894,  but  had  fallen  off  successively  to  24.2,  24.2,  21.9, 
21.1  and  20.4  in  the  five  succeeding  years,  while  the  principal  acute 
lung  diseases,  diseases  of  the  heart,  brain,  kidneys,  cancer,  suicide 
and  accident  had  increased  from  35.7  per  cent,  of  the  total  mortality 
to  36.9,  36.9,  38.5,  39.2  and  40.2  per  cent,  in  the  same  years. 

These  all  combined  constituted  the  greater  part  of  the  total  mor- 
tality in  each  of  the  six  years  1894-99,  and  of  the  diseases  specified 
in  the  table  entitled  the  "Balance  of  Mortality,"  in  the  annual 
report  of  1896,  page  812. 

The  most  notable  changes  in  the  figures  of  Table  V.  are  the  steady 
decrease  in  the  death-rate  from  consumption  and  typhoid  fever,  each 
of  which  in  1899  presented  a  lower  death-rate  than  at  anytime  since 
the  beginning  of  registration  in  Massachusetts  in  1842.  The  death- 
rate  from  cholera  infantum  was  also  lower  than  it  was  in  any  one  of 
the  five  previous  years.  The  death-rate  from  pneumonia  was  higher 
than  that  of  any  year  since  1893.  That  of  heart  diseases  had  main- 
tained a  nearly  uniform  rate  for  the  3  years  1897,  1898  and  1899. 
That  of  brain  diseases  had  diminished  from  13.3  per  10,000  in  1895 
to  11.99  in  1899.  The  death-rate  of  kidney  diseases  has  slightly 
increased  since  1895.  The  death-rates  from  cancer,  suicide  and  acci- 
dent have  maintained  a  fairly  uniform  rate  for  the  past  four  years. 

The  figures  of  the  United  States  census  of  1900  had  been  partially 
published  at  the  time  of  compilation  of  the  foregoing  figures ;  those 
of  the  cities  having  a  population  of  more  than  25,000  being  first 
issued.  A  comparison  of  these  with  the  estimates  which  have  been 
published  by  the  Board  in  the  past  three  years  shows  that  the  death- 
rates  hitherto  presented  were  very  nearly  correct,  and  any  changes 
which  would  be  necessitated  by  the  figures  of  the  census  would  be 
limited  chiefly  to  the  second  place  of  decimals  in  the  death-rates. 
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Table  I. 
Population  of  Cities  and  Large  Towns  estimated  for  1899. 


Reporting  Cities  and  Towns. 


AdamB, 

Amesbury, 

Andover,    • 

Arlington,  . 

Athol, 

Attleborough, 

Bbterlt,  . 

Blackstone, 

Boston, 

Braintree,  . 

Brldgewater, 

Brockton, 

Brookline,  . 

Cambridge, 

Ohelsea,  . 

Chicopeb, 

Clinton,       . 

Concord,     . 

Danvere, 

Dedham, 

Easthampton, 

Everett,  . 

Fall  Riter, 

FlTCHBUBG, 

Framlngham, 
Franklin,    . 
Gardner,     . 
Gloucester, 
Grafton, 
Greenfield, 
Haverhill, 
HlDghani,   . 
Holtoke,  . 
Hudson, 
Hyde  Park, 
Lawrence, 


Estimated 

Population  for 

1899. 


6,736 

10,136 

6,147 

7,223 

8,200 

8,856 

12,594 

5,959 

539,416 

5,681 

5,036 

38,759 

19,412 

92,308 

34,236 

18,316 

12,355 

5,773 

8,762 

7,281 

5,106 

28,102 

103,142 

30,523 

9,730 

5,380 

9,788 

31,426 

5,180 

7,010 

37,969 

5,023 

44,510 

5,818 

13,132 

59,072 


Reporting  Cities  and  Towns. 


Leominster, 

Lowell,     . 

Lynn, 

Malden,     . 

Marblehead, 

Marlborough, 

Medford, . 

Melrose,   . 

Methuen,    . 

Middleborougb, 

Milford, 

Millbury, 

Milton, 

Natick, 

New  Bedford, 

Newbubtport, 

Newton,    . 

North  Adams, 

Northampton, 

North  Attleborough, 

North  Brookfield, 

Orange, 

Palmer, 

Peabody, 

Plymouth, 

QUINCT, 

Reading, 

Revere, 

Rockland, 

Rockport, 

Salem, 

Somerville, 

Southbridge, 

Spencer, 

Springfield, 

Stonebam,  . 


Estimated 

Population  for 

1899. 
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Table  I.  —  Concluded. 


Keporting  Cities  and  Towns. 

Estimated 

Population  for 

1899. 

Reporting  Cities  and  Towns. 

Estimated 

Population  for 

1S99. 

Btoughton 

Tadnton,  

Wakefield 

Waltham, 

Ware, 

Watertown 

Webster, 

Westborough 

5,608 
28,527 
9,361 
22,791 
7,908 
8,360 
8,413 
5,267 
11,349 

West  Springfield 

Weymouth,        ..... 

Whitman 

Williamstown 

Winchester 

Wlnthrop 

WOBUKN,    ...... 

Worcester, 

Total,   ...... 

6,963 
11,631 
6,786 
5,419 
7,181 
5,284 
14,722 
111,732 

Westfleld 

2,268,272 
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The  following  digest  consists  mainly  of  material  selected  from  the 
published  annual  reports  for  the  year  1899  of  such  cities  and  towns 
as  have  been  received  at  the  oiBce  of  the  State  Board  of  Health.  In 
addition  to  this  information  the  results  of  such  inspections  as  have 
been  made  during  the  year  by  the  medical  inspector,  and  having  rela- 
tion to  the  prevalence  of  infectious  diseases,  have  been  incorporated 
in  the  digest. 

Adams. 

At  present  the  town  has  no  sewerage  system,  the  sewage  being  emptied 
at  numerous  points  along  the  Hoosae  River. 

This  method,  during  dry  periods,  when  there  is  a  small  amount  of  water 
in  the  river,  causes  a  stagnation  of  sewage  matter  at  various  places,  thus 
making  it  extremely  unhealthful  for  persons  residing  near  those  points  of 
infection. 

With  a  good  sewerage  system  all  this  would  be  radically  changed.  In- 
stead of  having  the  sewerage  matter  discharged  at  numerous  places  within 
the  residential  section,  as  it  is  at  present,  it  would  all  be  carried  by  a  main 
trunk  and  disposed  of  in  a  manner  to  be  decided  by  the  State  Board  of 
Health,  somewhere  outside  of  the  thickly  settled  portion  of  the  town. 

Amesburt. 

There  have  been  but  very  few  instances  of  violations  of  our  regulations 
brought  to  our  notice.  One  Lawrence  firm  persisted  in  carting  through 
our  streets,  during  the  hot  months  of  summer,  tallow  and  decaying  scraps 
of  meat.  They  were  brought  into  court,  promised  to  abide  by  our  regula- 
tions, and  afterwards  used  tightly  sealed  barrels.  There  have  been  two 
violations  of  our  plumbing  regulations  by  out-of-town  parties. 

The  inspection  of  cattle,  provisions  and  milk  has  been  most  efficiently 
carried  out.  Many  of  the  slaughters  were  ordered  after  a  physical  exam- 
ination. Between  sixty  and  seventy  diseased  cows  have  been  killed  during 
the  official  term  of  one  of  this  board.  There  is  a  practice  with  some  parties, 
which  we  deplore,  but  for  which  we  are  in  no  sense  responsible,  namely, 
the  purchasing  of  cheap  and  sometimes  diseased  cows  in  New  Hampshire 
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and  running  them  over  the  line,  across  the  eastern  border  of  our  town,  to 
towns  the  other  side  of  the  Merrimac  River,  then  sub- selling  them  back  into 
this  town. 

Andovek. 

The  following  report  of  inspection  made  by  Dr.  F.  L.  Morse,  medical 
inspector  of  the  board,  relates  to  a  limited  epidemic  of  typhoid  fever  which 
occurred  at  Andover  in  the  spring  of  1899  :  — 

July  20, 1899. 

During  the  latter  part  of  March  and  the  first  of  April  the  presence  of  an  un- 
usual number  of  cases  of  typhoid  fever  at  Andover  was  called  to  my  attention, 
and  at  the  i-equest  of  the  local  board  of  health  an  investigation  as  to  the  origin  of 
the  cases  was  commenced.  From  the  20th  of  March  to  the  4th  of  April,  fifteen 
■days,  11  cases  had  been  reported,  and  a  visit  was  made  to  each  patient,  the  sani- 
tary condition  of  the  jsremises  observed  and  inquiry  made  in  regard  to  their  milk 
and  other  supplies.  Seven  of  the  eleven  cases  were  children  of  sixteen  years  of 
age  or  under,  and  of  the  remaining  4  there  were  2  males  and  2  females,  each  pair 
aged  twenty-five  and  eighteen  respectively.  With  the  exception  of  1  male  (case 
No.  4)  none  of  the  patients  had  been  away  from  Andover  for  a  period  of  time 
longer  probably  than  the  incubation  period  of  the  disease,  and  consequently  this 
circumstance  limited  the  origin  of  infection  to  some  local  cause,  and  as  the  inves- 
tigation progressed  this  proved  to  be  the  case,  as  10  of  the  11  cases  were  ex- 
posed to  a  common  source.  Disposing  of  case  No.  4  first,  which  is  the  exception 
in  this  epidemic,  we  have  a  male  twenty-five  years  of  age,  a  spinner  by  trade, 
living  at  Andover  and  working  nights  in  the  factory  at  North  Andover,  travelling 
to  and  fro  by  the  electric  cars,  and  taking  his  dinner  with  him  to  his  work.  It  was 
his  custom  at  times  to  visit  Lawrence  during  the  day,  and  as  typhoid  fever  had 
been  particularly  prevalent  there  during  January,  it  seems  to  be  admissible  that 
he  may  have  become  infected  on  a  visit  to  the  city,  as  he  admits  taking  meals  and 
drinking  water  while  there.  Aside  from  his  visits  to  Lawrence,  he  seems  to  have 
led  a  regular  life,  and  as  far  as  is  known  was  not  exposed  to  the  disease  in  any 
other  way.  The  milk  supply  of  the  family  was  not  in  common  with  that  of  the 
other  typhoid  cases. 

As  the  inquiry  in  regard  to  the  origin  of  the  other  cases  progressed,  and  their 
milk  supply  was  investigated,  it  was  found  that  all  of  them,  without  exception, 
had  access  to  a  single  man's  milk ;  6  of  the  patients  taking  milk  of  him  directly 
and  the  remaining  4  obtaining  it  fi'om  a  store  supplied  by  him.  The  patients 
supplied  from  the  store  also  had  a  regular  dealer,  and  only  sent  to  the  store  when 
necessary,  but  all  of  them  admit  sending  to  the  store  for  milk  within  a  period  cor- 
responding to  the  incubation  period  of  the  disease.  The  regular  milkman  of 
these  families  was  not  the  same,  except  where  more  than  one  case  occurred  in  the 
same  family. 

Attention  having  thus  been  drawn  to  the  milk  supply,  a  visit  was  made  to  the 
milkman  and  his  different  sources  investigated.  He  obtained  his  milk  fi'om  six  dif- 
ferent farms,  in  amounts  varying  from  one  to  six  cans  of  eight  quarts  each.  Inquiry 
was  made  at  each  of  these  different  places,  but  the  history  of  any  case  of  sickness 
was  wanting,  and  the  dairies,  with  one  exception,  appeared  to  be  in  good  sanitary 
condition.     The  exception  was  his  own  farm,  where  he  obtained  about  six  cans 
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daily,  and  which  was  located  about  three  miles  from  the  town,  towards  North 
Andover,  the  milk  being  brought  to  his  house  at  Andover  daily.  At  this  farm  the 
cows  were  in  a  filthy  condition,  the  floors  and  stalls  improperly  cleaned,  and, 
although  not  actually  producing  the  disease,  these  conditions  in  themselves  were 
favorable  for  its  development,  once  having  become  infected.  The  proprietor 
himself  was  mildly  ill  about  the  10th  of  March,  and  his  sickness  increased  in 
severity  until  the  17th,  when  he  was  obliged  to  give  up  work  and  call  a  physi- 
cian. His  sickness,  which  was  diagnosed  as  influenza,  kept  him  from  work  until 
the  30th  of  the  month,  when  he  was  again  able  to  drive  his  team  and  deliver  the 
milk.  The  coincidence  of  these  cases  of  typhoid  fever,  all  with  one  exception 
having  the  same  milk  supply,  and  the  owner  of  the  route  being  sick  at  a  time 
from  ten  days  to  three  weeks  previous  to  the  occurrence  of  all  of  the  cases,  is 
certainly  suspicious,  and  when  it  is  considered  that  mild  cases  of  the  disease  do 
occur  and  are  more  apt  to  give  rise  to  an  epidemic  than  a  severe  case,  on  account 
of  their  ability  to  associate  with  other  inhabitants,  the  occurrence  of  these  cases 
may  be  more  clearly  understood. 

Two  other  eases  developed,  one  on  April  26  and  one  on  May  15,  but  they  ap- 
peared to  be  in  no  way  directly  connected  with  this  supply. 

These  suspicions  having  been  made  known  to  the  milkman,  he  wished  it  ex- 
plained how,  if  he  was  the  source  of  the  disease,  it  was  possible  for  no  cases  to 
develop  in  his  own  house,  where  about  twenty  boarders  were  taken,  but  on  enquiry 
it  was  found  that  the  milk  used  at  the  house  did  not  come  from  this  farm,  but 
came  from  two  of  the  other  sources  and  was  left  at  the  house  without  his  touching 
it,  and  if  any  surplus  was  left  this  was  distributed  by  him  from  his  house.  The 
conditions  at  the  house  for  washing  the  cans  and  bottles  seemed  to  be  adequate 
for  a  small  business,  and  as  these  cases  were  limited  to  a  definite  period  it  is 
probable  that  the  infection  was  not  one  of  long  standing.  The  condition  at  the 
farm  was  made  known  to  the  local  board  of  health  and  a  change  in  the  conditions 

there  advised. 

F.  L.  Morse,  M.D., 

Medical  Inspector. 

Arlington. 

Within  the  year  many  houses  have  been  connected  with  the  sewer,  thereby 
generally  improving  the  sanitary  condition  of  the  town.  It  is  urgently 
recommended  that  all  dwellings  be  connected  at  the  earliest  possible  date. 
Measures  have  been  taken  rendering  it  possible  for  cesspools  to  be  promptly 
emptied  at  a  moderate  expense  by  applying  to  the  clerk  of  the  board  of 
health. 

The  entire  water  service  of  the  town  has  been  replaced  by  the  Metropoli- 
tan, which  promises  water  of  an  almost  unlimited  quantity  and  exceptional 
purity. 

Athol. 

We  have  been  fortunate  during  the  past  year  as  regards  contagious  dis- 
eases, there  having  been  no  epidemic  in  town,  and  the  few  cases  of  con- 
tagious diseases  that  have  occurred  have  been  of  a  light  character,  no  fatal 
cases  having  occurred  during  the  year. 
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Attlebobough. 

During  the  year  41  cases  of  diphtheria  were  reported  to  the  board  of 
health,  37  of  them  in  the  months  of  October,  November  and  December. 
Nearly  all  occurred  in  the  Farmers  school  district.  As  soon  as  it  was 
apparent  that  the  health  of  the  pupils  attending  the  school  was  imperilled, 
the  board  purchased  an  improved  formaldehyde  gas  generator,  the  school- 
house  was  closed  and  thoroughly  fumigated,  as  were  also  the  homes  of  the 
pupils  where  cases  existed.  Later  the  Pleasant  Street  school-house  was 
closed  and  fumigated.  By  such  means,  and  by  the  almost  universal  use 
of  antitoxin  by  the  attending  physicians,  the  spread  of  the  disease  was 
checked. 

We  again  desire  to  express  our  most  hearty  approval  of  the  course 
adopted  by  the  State  Board  of  Health  of  furnishing  antitoxin  for  the  free 
use  of  physicians.  With  this  agent  many  lives  are  saved  and  epidemics 
prevented. 

Ayer. 
The  occurrence  of  several  cases  of  typhoid  fever  during  the  last  few  years 
among  the  people  employed  at  the  railroad  station  led  to  an  investigation 
of  the  sanitary  conditions  at  the  station.  It  was  found  that  pond  water 
was  in  use  at  various  places  about  the  railroad  yard  and  station,  being 
accessible  for  use  as  drinking  water.  After  a  conference  with  officials  of 
the  Boston  &  Maine  Railroad  Company,  town  water  was  introduced  for  all 
purposes  about  the  station.  The  toilet  rooms  were  renovated  and  the 
drainage  improved. 

Boston. 
[The  health  report  of  the  city  of   Boston  had  not  been  issued  at  the 
time  of  publication  of  this  report.] 

Brockton. 

The  board  would  recommend  the  establishment  of  a  bacteriological 
laboratory  and  an  appropriation  made  therefor.  Our  experience  the  past 
year  has  demonstrated  the  need  of  this  work  being  done  in  our  own  city. 
The  work  is  at  present  done  by  the  State  Board  of  Health.  While  they 
have  been  very  obliging,  the  work  could  be  done  much  more  quickly  and 
conveniently  if  we  had  a  laboratory  where  the  work  could  be  done  without 
sending  it  out  of  the  city. 

The  board  has  adopted  the  plan  of  taking  charge  of  the  final  disinfection 
of  houses  where  there  have  been  contagious  diseases,  using  formaldehyde  ; 
also  of  requiring  a  negative  culture  in  a  case  of  diphtheria  before  releasing 
the  patient  from  quarantine. 


No.  34.]  HEALTH   OF   TOWNS. 

The  following  table  shows  the  death-rate  for  the  past  ten  years 
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1890, 

.   17.12 

1895, 

.   U.65 

1891, 

.   15.73 

1896, 

18.11 

1892, 

.   13.05- 

1897, 

.   13.19 

1893, 

.   15.30 

1898,    .    . 

.   12.28 

189i, 

.   14.17 

1899, 

.   11.81 

Brookline. 

The  number  of  deaths  from  all  causes  between  Jan.  1,  1899,  and  Dec. 
51,  1899,  inclusive,  was  255,  as  against  264  in  1898,  220  in  1897,  and  239 
in  1896.  Deducting  the  still-births,  18  in  number,  leaves  237  deaths  dur- 
ing the  year.  Two  hundred  and  thirty-seven  deaths  gives  a  mortality  of 
only  11.63  per  one  thousand  inhabitants  for  1899,  as  against  13.05  for  the 
previous  year. 

During  the  outbreak  of  diphtheria  the  board  of  health  hospital  had  un- 
precedented demands  made  upon  it,  but  with  two  exceptions  every  request 
of  a  physician  for  hospital  isolation  of  a  scarlet  fever  or  diphtheria  patient 
was  promptly  granted,  the  reasons  for  the  two  exceptions  being  lack  of 
room  at  the  time.  The  large  number  of  diphtheria  patients  and  convales- 
cents that  occasionally  had  to  be  provided  for  taxed  severely  the  capacity 
of  the  inadequate  hospital  buildings,  and  made  very  hard  the  work  of  the 
attendants.  It  is  easy  to  infer  what  serious  consequences  the  absence  of 
an  isolation  hospital  during  our  local  epidemic  might  have  entailed.  Though 
the  cost  of  maintenance  of  such  hospitals  is  necessarily  considerable,  the 
board  considers  that  money  spent  for  the  prevention  of  suffering  and  death 
from  the  more  or  less  preventable  diseases  is  money  wisely  expended.  Of 
the  89  patients  admitted  to  the  hospital  during  1899,  68  had  diphtheria  and 
21  scarlet  fever.  Of  the  68  diphtheria  patients,  all  except  3  recovered  (a 
mortality  of  4.4  per  cent.),  and  of  21  scarlet  fever  patients,  the  whole  num- 
ber recovered.  To  the  use  of  antitoxin,  generously  provided  by  the  State 
Board  of  Health,  the  very  small  death-rate  in  the  diphtheria  hospital  is  in 
large  part  due.  The  experience  of  the  past  year  has  clearly  shown  the 
present  and  future  need  of  more  adequate  hospital  accommodations. 

The  free  bacteriological  examinations  provided  by  the  board  for  the  early 
diagnosis  of  typhoid  fever,  diphtheria  and  consumption  have  been  much 
more  extensively  taken  advantage  of  the  past  year  than  in  previous  years, 
and  with  great  benefit  to  both  patients  and  their  families.  The  obvious 
advantages  of  a  local  laboratory,  among  others  the  securing  of  earlier 
reports  from  diphtheria  diagnosis  examinations,  are  so  great  that  the  board 
took  the  necessary  steps,  and  on  Feb.  1,  1899,  had  its  temporary  laboratory 
in  operation.  During  the  year  1,242  diphtheria  cultures,  91  specimens  of 
sputum,  suspected  to  be  tubercular,  and  25  typhoid  tests  (Widal's)  were 
examined. 
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Formaldehyde  disinfection  of  rooms,  bedding,  etc.,  after  scarlet  fever 
and  diphtheria  has  been  continued,  and  proves  to  be  effective.  After  cases 
of  these  diseases  the  disinfection  is  done  by  the  disinfector  appointed,  by 
the  board,  and  is  done  free  of  expense  where  the  householder  is  unable  to 
pay  for  it.  During  the  year  ending  Jan.  31,  1900,  formaldehyde  disinfec- 
tion has  been  done  after  122  cases  of  diphtheria,  49  cases  of  scarlet  fever^ 
and,  by  special  request,  after  13  other  cases  of  infectious  disease ;  for  ex- 
ample, consumption,  measles  and  typhoid  fever.  Infected  books  and  other 
articles  are  now  disinfected  by  formaldehyde  in  a  cabinet  speciallj^  con- 
structed by  the  board  and  tested  by  the  bacteriologist. 

Intermittent  fever  (malaria)  has  been  less  prevalent  than  in  previous 
years,  and  it  is  believed  this  may  be  attributed  in  part  to  the  draining  of 
certain  districts. 

The  appreciation  of  the  value  as  a  health  measure  of  frequent  bathing 
continues  to  be  shown  by  the  experience  at  our  public  bath  house,  where 
49,391  baths  were  taken  the  past  year,  a  good  increase  over  the  attendance 
of  any  previous  year. 

Cambridge. 


Number  of  inspections  made, 
Number  of  subsequent  inspections, 


Total, 


4,671 

6,617 

11,188 


The  diseases  discovered  in  the  schools  during  1899,  and  the  number  of 
cases  of  each  disease,  were  as  follows  :  — 


11 

38 

36 

150 


Chicken-pox, 

18 

Diseases  of  ear,    . 

Diphtheria,  .... 

4 

Diseases  of  eye,   . 

Measles,       .... 

24 

Diseases  of  skin,  . 

Mumps,        .... 

18 

All  other  diseases, 

Pediculosis,  .... 

57 

Scarlet  fever, 

5 

Total,    . 

Whooping-cough, 

11 

372 


The  number  of  cases  reported  shows  an  increase  of  147  over  the  number 
reported  in  1898. 

During  the  past  year  the  city  has  suffered  severely  from  the  prevalence 
of  certain  infectious  diseases,  and  in  particular  from  diphtheria. 

It  became  apparent  to  the  board  of  health  at  an  early  date  that  active 
measures  must  be  taken  to  protect  the  public  health.  A  number  of  sta- 
tions, where  cultures  of  suspected  cases  of  diphtheria  could  be  taken,  were 
established  for  the  convenience  of  physicians,  and  a  laboratory  was  insti- 
tuted in  the  city  hall.  All  physicians  were  notified  that  their  co-operation 
was  expected,  and  that  in  return  the  board  would  give  them  every  assist- 
ance by  the  prompt  examination  of  cultures  deposited  at  the  designated 
stations. 
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Throat  Cultures.  — During  the  two  months  505  cultures  were  examined. 
They  may  be  classified  as  follows  :  — 


November. 

December. 

Total. 

New  eases,  positive, 

New  cases,  negative,    ....         ... 

New  cases,  no  growth, 

43 

47 
3 

69 

68 
4 

112 
115 

7 

Total  new  cases,    ....... 

Re-examinations,          ....... 

93 
93 

141 

178 

234 
271 

Total  examinations, 

Cultures  for  diagnosis,         .        .         .        .         .        . 

Cultures  for  release, 

186 

57 
129 

319 

118 
201 

505 

175 
330 

186 

319           505 

It  is  to  be  regretted  that  the  physicians  do  not  avail  themselves  more 
fully  of  the  opportunity  of  taking  cultures.  During  November  and  Decem- 
ber 176  cases  of  diphtheria  and  6  cases  of  membranous  croup  were  reported 
to  the  board  of  health.  Cultures  for  diagnosis  were  made  in  only  65  of 
these  cases.  Many  of  the  remaining  cases  were  reported  as  recovered, 
and  cultures  were  found  negative  within  a  week  from  the  beginning  of  the 
attack,  and  it  is  probable  that  a  certain  proportion  of  these  cases  were  not 
true  diphtheria  at  all. 

Widal  Tests  for  Tyj^hoid.  —  The  blood  of  31  cases  of  suspected  typhoid 
was  examined  for  the  Widal  reaction,  with  the  following  results  :  — 


November. 

December. 

Total. 

Positive, 

Negative, 

5 
11 

4 
11 

9 

22 

16 

15 

31 

Sputum  Examinations.  —  Samples  of  sputum  from  34  cases  of  suspected 
pulmonary  tuberculosis  were  examined, — one  case  being  tested  twice, — 
with  the  following  results  :  — 


November. 

December. 

Total. 

Bacteria  of  tuberculosis  present,          .... 
Bacteria  of  tuberculosis  absent, 

10 

11 

21 

7 
7 

14 

17 

18 

35 
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The  report  of  the  milk  inspector  contains  some  excellent  suggestions 
upon  the  subject  of  milk  standards  and  the  sale  of  milk. 


Number  of  samples  collected  and  analyzed,    . 
Number  of  milk  samples  collected  and  analyzed,  . 
Number  of  vinegar  samples  collected  and  analyzed, 
Number  of  butter  samples  collected  and  analyzed. 
Number  of  milk  samples  below  the  standard, 
Number  of  vinegar  samples  below  the  standard,    . 
Number  of  butter  samples  not  genuine  butter. 
Number  of  warnings  sent  out  for  sale  of  poor  milk. 
Number  of  warnings  sent  out  for  sale  of  poor  vinegar. 

Number  of  complaints  made, 

Number  of  convictions, 


4,459 

4,225 

172 

62 

367 

19 

217 
12 
13 
10 


Chelsea. 

Receiving  many  protests  against  the  indiscriminate  slaughter  of  chickens, 
the  board,  in  February,  provided  a  building  at  the  corner  of  Maple  and 
Second  Streets,  especially  arranged  for  this  purpose,  and  ruled  that  all 
such  slaughter  should  be  here  confined  and  subject  to  its  inspection. 

The  main  structure  is  14  by  32  feet.  It  has  a  cement  flooring  with  a 
gutter  along  one  side,  which  is  constantly  flushed  and  drained  into  the 
common  sewer  during  the  slaughter.  Along  the  wall  and  suspended  over 
this  gutter  are  arranged  a  number  of  funnel-shaped  tins,  into  which  the 
chicken  is  placed  to  bleed  after  being  killed.  Along  the  opposite  wall  is 
a  bin  to  receive  the  feathers  plucked  at  the  time  of  killing.  These  are 
later  collected,  dried  in  the  loft  above  and  sold ;  the  proceeds  being  a  part 
of  the  city's  profits  on  this  novel  investment. 

There  are  two  out-buildings,  accommodating  about  2,500  chickens.  A 
charge  of  two  cents  and  three  cents  per  chicken  killed  is  made,  one-half 
which  goes  to  the  rabbi  oflSciating. 

Under  this  system,  which  has  met  with  considerable  favor,  the  board  is 
able  to  report  an  abatement  of  a  nuisance  which  was  a  source  of  consider- 
able dissatisfaction  in  various  sections  of  the  city. 

The  board  wishes  to  emphasize  the  fact  that  it  still  feels  the  necessity 
of  a  suitable  isolation  hospital,  for  the  care  and  treatment  of  small-pox 
and  allied  diseases.  It  would  suggest  for  serious  consideration  the  ad- 
visability of  prompt  action,  tending  to  an  agreement  with  one  of  the  neigh- 
boring towns  for  the  acquirement  of  a  location  for  such  an  establishment. 

In  a  city  as  thickly  populated  as  Chelsea,  the  practical  impossibility  of 
successfully  isolating  a  case  in  the  home  has  been  shown,  we  believe,  in 
these  last  few  cases  of  small-pox,  and  until  a  hospital  is  built  that  will  be 
suitable  for  the  reception  of  those  suffering  with  a  contagious  disease, 
without  subjecting  them  to  discomfort,  there  will  always  be  a  serious  dan- 
ger of  a  widespread  and  fatal  epidemic. 
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The  report  of  Medical  Inspector  Morse  upon  an  epidemic  of   typhoid 

fever  in  Chelsea  follows  :  — 

July  31,  1899, 

During  the  eai'ly  part  of  April  the  daily  reports  I'eceived  at  this  office  showed 
an  unusual  number  of  typhoid  fever  cases  in  Chelsea,  more,  in  fact,  than  had 
occurred  during  the  whole  of  last  year,  and  in  a  communication  to  the  local 
board  of  health,  dated  April  12, 1  inquired  if  the  cause  had  been  found,  and  if 
not,  if  they  desired  any  assistance.  Under  date  of  April  14  the  agent  informed 
me  that  the  cases  were  being  investigated,  but  that  no  assistance  was  desired  at 
that  time.  The  number  of  cases  continuing  to  increase,  however,  the  agent 
wrote  to  me  on  April  27  that  they  would  be  glad  of  mj-  services,  and  on  the  fol- 
lowing day  an  investigation  of  the  cases  commenced. 

The  cases  reported  to  the  local  boai'd  of  health  were  supplemented  by  cases  ill 
at  the  hospital  and  by  others  obtained  by  interviewing  other  doctors  who  had 
failed  to  make  the  repoi'ts  required  by  law.  In  this  manner  27  cases  were  col- 
lected and  plotted  on  the  map,  to  see  if  they  corresponded  to  any  definite  locality 
or  had  any  apparent  common  origin.  This  showed  a  certain  number  of  cases  in 
a  definite  locality,  near  the  junction  of  Broadway  and  Washington  Street,  and  the 
others  variously  distributed  over  the  moi^e  thickly  populated  part  of  the  city. 

A  visit  was  then  made  to  each  case  and  careful  inquiries  made  in  regard  to  the 
sanitary  conditions  of  the  premises,  and  the  source  of  their  milk  supply  in  par- 
ticular. The  study  of  these  cases  had  not  proceeded  far  when  it  was  observed 
that  an  unusual  difficulty  presented  itself,  for  obviously  no  common  relation  ex- 
isted among  the  several  cases.  All  had  different  milk  dealers,  grocery  and  pro- 
vision supplies,  and  there  was  no  history  of  the  joatients  being  away  from  Chelsea 
for  any  length  of  time  preceding  the  attack.  On  more  careful  inquiry  it  was 
learned  that  occasionally  it  was  necessary  for  some  of  the  families  to  supplement 
their  daily  milk  suppl}^  by  sending  out  to  near-by  grocery  stores  and  bakeries, 
and  following  out  this  discovery  these  dift^erent  stores  were  visited  and  the  source 
of  their  supply  learned,  which  many  times  proved  to  be  a  common  one. 

As  in  past  rejjorts,  the  date  of  the  patients  going  to  bed  being  most  reliable, 
the  patients  were  grouped  accordingl}',  and  it  was  found  that  the  height  of  the 
epidemic  was  reached  during  the  first  ten  days  of  April,  when  21  cases  were  re- 
ported, and  only  4  in  the  following  six  days.  Here  again  appeared  to  be  an  in- 
fected milk  supply,  supplying  these  people  indirectly,  through  the  stores,  and  the 
infection  being  one  of  comparatively  short  duration.  Thirteen  of  the  cases  oc- 
cui'red  in  females  and  12  were  in  children  under  fifteen  j^ears  of  age.  At  about 
the  same  time  it  was  learned  through  the  Boston  board  of  health  that  a  large 
number  of  cases  of  typhoid  fever  had  occuiTcd  in  this  city,  but  as  their  board  was 
busy  with  small-pox  at  the  time,  they  were  unable  to  pursue  the  investigation, 
but  would  furnish  data  for  this  purpose. 

Accordingly  the  list  of  cases  reported  to  the  board  was  procui'ed,  supplemented 
by  the  cases  admitted  into  the  Massachusetts  General,  Boston  City  and  Carney 
hospitals.  The  homes  of  these  patients  were  plotted  upon  a  map,  and  groups 
could  be  thus  located  in  South  Boston,  the  North,  West  and  South  Ends,  and  in 
Charlestown.  With  the  knowledge  gained  by  the  study  of  the  cases  in  Chelsea, 
these  patients  were  investigated  in  the  same  way,  with  the  following  results :  — 

Of  25  cases  in  South  Boston,  22  procured  milk  indirectly  through  stores  from 
the  same  man  supplying  the  stores  in  Chelsea,  and  5  out  of  7  in  the  West  End, 
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6  out  of  8  in  the  South  End,  7  out  of  11  in  the  North  End,  and  4  out  of  12  in 
Charlestown,  developed  under  similar  circumstances,  making  a  total  of  64  out 
of  90  cases,  or,  omitting  Charlestown,  which  apparently  did  not  receive  its  infec- 
tion from  the  same  source,  60  out  of  78  cases.  Careful  inquiry  was  also  made 
when  these  patients  were  visited  in  regard  to  other  sources  of  infection,  and 
although  the  sanitary  conditions  were  not  always  satisfactory,  still,  the  milk  sup- 
ply was  considered  the  probable  source  of  infection. 

Attention  was  next  directed  to  the  probable  source  of  the  infection,  viz.,  the 
milk  supply.  The  conditions  present  are  a  contractor  receiving  milk  from  458 
different  dairies  situated  in  Massachusetts,  New  Hampshire  and  Vermont,  the 
milk  being  brought  into  Boston  daily  in  milk  cars  over  the  Fitchburg  Railroad. 
Strict  inquiry  was  made  by  the  men  coming  with  the  cars  in  regard  to  the  occur- 
rence of  any  cases  of  typhoid  fever,  but  in  every  case  a  negative  report  was  re- 
turned. At  about  the  same  time  it  was  learned  that  typhoid  fever  was  prevalent 
at  Ayer,  through  which  town  the  Fitchburg  Railroad  passes,  but  on  inquiry  from 
the  local  board  of  health  it  was  learned  that  of  the  raili-oad  employees  having  the 
disease  all  were  employed  by  the  Boston  &  Maine  Railroad. 

Attention  was  also  turned  to  the  men  employed  at  the  depot  in  Charlestown, 
where  the  milk  was  received,  and  also  to  the  drivers  of  the  teams.  The  milk 
received  here  is  first  tasted  and  then  mixed  in  a  large  mixer  holding  fifty  gallons. 
It  is  then  drawn  ofi"  in  cans  and  set  away  in  the  refrigerator  until  the  following 
morning,  when  it  is  loaded  into  the  fourteen  difi'erent  teams  and  distributed  to 
all  parts  of  the  city,  together  with  a  part  of  Everett  and  Chelsea.  The  teams 
arrive  at  the  depot  in  no  regular  order,  and  do  not  have  the  same  milk  on  succes- 
sive days,  the  team  arriving  first  in  the  morning  getting  the  milk  nearest  the  door 
and  so  on.  The  business  of  the  company  being  strictly  wholesale,  and  delivered 
to  stores  and  bakeries,  compels  the  drivei's  to  handle  only  the  cans,  the  milk  itself 
not  being  emptied  and  handled  until  sold  by  the  storekeeper,  and  as  the  cases  of 
the  disease  arising  were  not  limited  to  a  single  storekeeper,  the  infection  must 
have  taken  place  before  it  was  delivered  to  them.  At  the  depot,  the  taster  and 
the  man  running  the  mixer  are  the  only  ones  who  handle  the  milk.  Neither  one 
had  been  ill  with  any  disease  whatsoever,  nor  had  they  had  any  sickness  in  their 
families.  On  further  inquiry  it  was  learned,  however,  that  one  of  the  drivers  had 
been  ill  with  typhoid  fever  last  November,  and  being  particularly  ill  with  the 
disease  had  not  been  able  to  return  to  work  until  March  20.  At  this  time  he  was 
still  so  weak  as  to  be  able  to  do  almost  no  work  whatever,  and  his  work  at  first 
consisted  in  running  errands.  As  he  gained  in  strength,  however,  he  did  some 
work  about  the  milk  depot,  and  he  himself  admits  pouring  milk  into  the  mixer, 
just  to  try  his  strength.  Here  appears  a  possible  source  for  the  development  of 
the  disease,  for  it  is  well  known  that  the  typhoid  bacilli  do  in  some  cases  remain 
in  the  urine  and  faeces  for  a  number  of  weeks  after  convalescence  has  been  estab- 
lished, and  the  cases  developing  in  this  case  are  such  as  would  arise  from  a  small 
portion  of  the  milk  being  infected  for  a  limited  time.  The  examination  of  this 
man's  blood  for  the  Widal  reaction  and  the  urine  for  the  typhoid  bacilli  was, 
however,  negative. 

Again  there  is  the  possibility  of  an  unrecognizable  case  at  one  of  the  dairies 
infecting  the  milk,  and  subsequently,  as  it  was  mixed  with  other  supplies  at  the 
depot,  infecting  a  larger  amount,  and  thence  distributed  over  the  city,  but  in  view 
of  the  fact  that  this  man  did  have  typhoid,  that  he  subsequently  handled  the  milk, 
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and  that  the  eases  began  to  develop  within  ten  days  of  such  occurrence,  it  seems 
that  this  was  the  roost  probable  source  of  the  disease, 

F.  L.  MOKSE,  M.D., 

Medical  Inspector. 

Chicopee. 

The  condition  of  the  city  as  regards  health  was  never  better  than  it  has 
been  this  year.     We  have  had  no  epidemic  of  any  contagious  disease. 

It  is  a  pleasure  to  know  that  our  city  has  never  before  experienced  such 
a  degree  of  cleanliness,  which  is  largely  due  to  a  better  service  rendered  in 
the  collection  and  removal  of  house  offal,  over  which  a  strict  supervision 
has  been  kept,  while  all  complaints  have  received  immediate  attention,  and 
any  negligence  on  the  part  of  the  collectors  rectified,  though  in  some  cases 
the  blame  would  rest  upon  the  house  occupants  in  failing  to  comply  with 
our  regulations.  In  houses  containing  a  number  of  families  our  rules  are 
not  always  regarded,  and  it  is  a  difficult  matter  to  detect  those  who  violate 
them  at  such  places. 

Clinton. 

In  April,  1899,  in  consequence  of  the  epidemic  of  scarlet  fever,  every 
school-room  and  all  school-books  were  disinfected  during  the  spring  vaca- 
tion, and  afterwards,  as  soon  as  a  case  of  scarlet  fever  was  reported,  the 
school-room  where  the  person  went  to  school,  if  a  scholar,  was  at  once  dis- 
infected, and  in  every  case  the  rooms  of  the  house  and  all  infected  clothes, 
furniture,  etc.,  were  disinfected.  In  a  month  from  the  inauguration  of 
school-house  disinfection  the  epidemic  was  practically  controlled. 

A  contagious  ward  should  be  built  in  our  town,  as  we  have  now  no  place 
for  the  proper  care  and  isolation  of  such  cases  where  isolation  cannot  be 
properly  enforced  in  their  own  homes. 

Concord. 
This  year  has  been  an  average  one  in  the  amount  of  work  required  of  the 
board,  except  in  the  matter  of  examination  of  plumbing,  which  was  in- 
creased largely  upon  the  completion  of  the  sewer  system,  and  this  will 
undoubtedly  be  still  more  increased  the  coming  year. 

Danvers. 
During  the  year  a  recommendation  was  made  to  local  boards  of  health 
by  the  State  Board,  urging  the  importance  of  providing  free  vaccination 
for  the  people,  because  of  the  beginning  of  an  epidemic  of  small-pox  in 
Boston  and  vicinity.  Your  board,  believing  it  to  be  a  wise  measure,  pro- 
vided the  people  with  free  vaccination  accordingly,  at  considerable  ex- 
pense to  the  town,  as  696  people  availed  themselves  of  the  opportunity  thus 
offered. 
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Dedham. 

For  the  last  five  years  the  board  has  called  attention  to  the  fact  that  a 
system  of  sewerage  is,  perhaps,  the  most  urgent  need  of  the  town.  Our 
centres  of  population  have  been  filled  to  overflowing  with  cesspools,  in 
many  places  two  or  three  of  these  unsanitary  receptacles  being  found  upon 
one  small  house  lot.  Perhaps  four-fifths  of  the  complaints  which  come  to 
the  board  are  from  overflowing  cesspools  and  bad  drainage.  It  becomes 
the  duty  of  the  board  to  insist  that  the  owners  shall  put  the  same  in  a 
proper  sanitary  condition,  frequently,  at  no  small  expense.  This  can  be 
entirely  obviated  by  the  construction  of  sewers. 

The  Neponset  valley  sewer,  built  by  the  State  as  a  relief  for  Dedham 
and  other  towns,  has  been  ready  for  connection  since  1897.  The  town  is 
annually  paying  a  considerable  sum  towards  the  construction  and  main- 
tenance of  this  sewer.  We  may  liken  ourselves  in  this  respect  to  parties 
holding  a  lease  to  a  building,  forced  to  pay  a  yearly  rental  and  making  no 
use  of  the  advantages. 

Fairhaven. 

The  following  is  a  report  of  Medical  Inspector  Morse  upon  an  epidemic 
of  typhoid  fever  at  Fairhaven  :  — 

Oct.  30,  1899. 

On  October  4  a  physician  of  Fairhaven  came  to  the  office  of  the  State  Board  of 
Health  and  reported  that  a  large  number  of  cases  of  typhoid  fever  existed  in  that 
town.  He  also  stated  that  a  certain  milkman,  whom  he  considei'ed  in  no  way 
connected  with  the  cases,  either  through  prejudice  or  otherwise  had  been  men- 
tioned bj^  another  practising  physician  there  as  having  sold  milk  which  undoubt- 
edly produced  the  unusual  number  of  eases,  thus  ruining  the  man's  business. 
Feeling  sure  that  an  error  of  judgment  had  been  made,  he  brought  with  him  some 
of  the  milk  to  be  examined,  and  expi'essed  the  opinion  that  the  disease,  on  account 
of  the  distribution  of  the  cases,  was  due  rather  to  meteorological  conditions  than 
to  a  particular  man's  milk  supply.  The  analysis  of  the  milk  showed  a  sample  of 
good  qualit}',  but  was  negative  in  regard  to  the  absence  or  presence  of  the  typhoid 
bacilli. 

On  the  following  da}'  I  went  to  Fairhaven,  obtained  a  list  of  the  reported  cases 
of  the  disease  from  the  board  of  health,  and  made  a  visit  to  each  patient.  I  found 
21  cases  existing,  and  after  analyzing  them  came  to  the  following  results  :  — 

Case  No.  1  was  taken  ill  on  August  4.  He  was  forty  years  of  age,  used  con- 
densed milk  and  drank  well  water  obtained  from  a  well  situated  in  the  centre  of 
the  town.     It  is  impossible  to  state  definitely  just  where  he  obtained  his  infection. 

Case  No.  2  was  a  male  thirty-one  years  of  age,  also  living  in  the  centre  of  the 
town  and  drinking  water  from  a  well  which  shows  by  analysis  much  pollution. 
He  obtained  his  milk  from  Gillette. 

Case  No.  3  was  a  child  three  years  of  age,  who  undoubtedly  received  his  in- 
fection from  another  child  visiting  at  the  house,  who  was  convalescing  from  the 
disease. 
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Case  No.  18  was  a  female  nineteen  yeai's  of  age,  drinking  water  from  a  well  in 
the  centre  of  the  town  and  taking  milk  from  Gammons.  Source  of  infection  not 
apparent. 

Case  No.  20  was  a  male  twenty  years  of  age,  a  farmer,  making  his  own  milk. 
The  water  was  obtained  from  a  well.     No  history  of  exposure  to  another  case. 

Of  the  remaining  16  cases,  all  of  them  had  milk  from  the  same  man  who,  as 
.  Dr. stated,  he  considered  in  no  way  connected  with  the  cases.  These  pa- 
tients came  down  with  the  disease  from  September  10  to  October  6,  6  of  them 
appearing  on  the  10th  and  the  remaining  10  being  scattered  through  the  rest  of 
the  month.  All  of  them  admit  drinking  milk,  and,  with  three  exceptions,  had 
access  to  no  other  man's  milk.  As  visits  were  made  to  those  different  patients,  it 
was  found  that  some  of  them  used  well  water  in  preference  to  the  public  supply. 
These  were  cases  Nos.  6,  8,  10  and  13,  and  the  wells  were  so  situated  as  to  be 
easily  contaminated  by  the  surface  drainage.  Samples  of  water  were  taken  from 
these  wells,  and  all  showed  much  pollution. 

The  milk  farm,  situated  about  two  miles  from  the  centre  of  the  town,  was  next 
visited.  Six  cows  are  kept,  making  about  fifty  quarts  of  milk  daily.  The  hired 
man  does  all  of  the  milking  and  also  distributes  the  milk  to  the  customers,  and 
as  no  other  man's  supply  is  brought,  he  apparently  is  the  only  one  who  handles 
the  milk.  The  cans  are  washed  in  the  house  by  a  girl,  and  she  stated  that  all 
of  them  ai"e  thoroughly  scalded.  The  well  is  situated  almost  directly  under  the 
pump  at  the  edge  of  the  house,  and  an  analysis  of  a  sample  from  it  shows  it  to 
be  polluted.  Cai'eful  inquiry  revealed  no  sickness  about  the  farm  during  the 
month  of  August,  but  going  farther  back  it  was  learned  that  the  farm  hand  him- 
self had  been  sick  with  typhoid  fever  a  year  ago,  —  so  ill  with  it,  in  fact,  that  he 
had  not  come  back  to  woi'k  until  the  middle  of  January,  since  which  time  he  had 
been  perfectly  well.  In  view  of  the  fact  that  the  typhoid  bacilli  remain,  in  some 
eases,  in  the  urine  and  faeces  for  many  months  after  recovery,  we  may  conclude 
that  at  some  time  during  the  month  of  August  the  milk  was  infected  by  him. 

The  analj^ses  of  the  different  well  waters  showing  pollution  were  made  known 
to  the  local  board  of  health,  and  they  were  advised  to  close  the  wells  and  prevent 
the  water  from  being  used  for  domestic  purposes. 

F.  L.  Morse,  M.D., 

Medical  Inspector. 

FiTCHBURG.      - 

The  poor  sanitary  condition  of  a  number  of  our  school-houses  seems  to 
warrant  another  urgent  appeal  from  the  board  of  health  that  something  be 
done  in  the  way  of  modern  sanitary  arrangements  to  replace  the  present 
systems  of  privies  and  overflowing  cesspools.  Good  health  is  as  essential 
as  knowledge,  and  to  obtain  the  best  results  from  instruction  the  scholars 
should  be  supplied  with  pure  air  and  healthy  and  wholesome  surround- 
ings. 

The  number  of  contagious  diseases  has  increased  this  year,  largely  on 
account  of  the  poor  isolation  of  the  patients  from  other  members  of  the 
family.  This  state  of  affairs  could  be  greatly  improved  and  the  number 
of  cases  reduced  to  a  low  figure  had  we  the  means  for  isolating  them.  This 
thought  is  worthy  of  consideration.     To  do  this  work  effectively  a  con- 
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tagious  disease  hospital  is  very  mucli  needed,  and  we  would  earnestly  urge 
the  necessity  of  providing  a  suitable  building  for  that  purpose. 

There  were  1,513  cases  of  measles  reported  to  this  board  during  the 
year.     This  is  a  larger  number  than  occurred  in  the  epidemic  of  1897. 

Not  a  little  feeling  was  indulged  in  at  the  height  of  this  epidemic  among 
those  who  did  not  take  in  the  gravity  and  the  wide  spread  of  the  disease, 
and  the  board  was  mildly  censured  for  its  endeavor  to  stem  the  tide  of  it, 
but  they  have  the  satisfaction  of  knowing  that  their  work  was  rational  and 
in  the  interest  of  the  public  generally,  and  as  a  result  of  it  our  schools, 
with  the  exception  of  one  for  a  very  short  time,  were  not  closed ;  and  in 
this  respect  we  were  vastly  better  off  than  some  of  our  neighboring  cities, 
who  were  obliged  to  close  the  schools  entirely  during  the  progression  of  the 
disease. 

Great  Barrington. 

During  the  prevalence  of  diphtheria  a  part  of  the  public  schools  were 
closed  for  a  short  time,  the  step  being  deemed  a  wise  one  by  the  school 
committee  and  board  of  health,  inasmuch  as  the  anxiety  of  parents  would 
have  resulted  in  a  small  attendance  had  the  sessions  continued. 

Greenfield. 

During  the  earlier  months  of  the  year  the  usual  number  of  cases  of  scar- 
let fever  were  reported.  During  the  summer,  however,  two  or  three  cases 
were  reported  where  it  was  exceedingly  difficult  to  maintain  strict  quaran- 
tine, and  to  these  few  cases  the  board  feels  that  the  mild  epidemic  of  the 
past  few  months  can  be  traced.  As  the  summer  began  to  wane  cases  were 
being  reported  regularly,  so  that  all  of  the  time  there  were  a  few  cases  of 
scarlet  fever  in,  or  supposed  to  be  in,  quarantine.  In  the  month  of  Novem- 
ber 19  cases  were  reported,  an  unusually  large  number.  The  early  weeks 
of  December  brought  the  same  proportionate  number  of  cases  reported. 
The  continued  increase  was  in  a  measure  accounted  for  by  the  fact  that 
nearly  all  the  cases  were  of  a  very  mild  type,  many  of  them  seeming  hardly 
ill  enough  to  be  seen  by  a  physician.  As  a  result  one  or  two  cases  were 
found  during  the  stage  of  desquamation  mingling  with  other  children.  The 
question  of  closing  certain  or  all  schools  came  up  for  decision  about  the 
middle  of  December,  and  while  the  board  of  health  could  see  no  benefit 
from  such  a  plan  in  such  a  small  epidemic,  it  felt  that  a  public  expression 
of  opinion  would  perhaps  be  of  value,  so  an  invitation  was  extended  to  all 
physicians  In  active  practice  to  meet  the  board  of  health,  with  the  chairman 
of  the  school  committee  and  the  school  superintendent,  and  discuss  the  best 
methods  to  pursue  In  combatting  the  further  progress  of  the  disease.  This 
meeting  was  held  and  it  seemed  to  be  the  concensus  of  opinion  of  nearly 
all  those  present  that  the  spread  of  the  disease  could  be  better  prevented 
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in  so  small  an  epidemic,  not  by  closing  the  schools,  but  by  systematic  daily 
school  inspection. 

This  was  done  for  the  two  weeks  preceding  the  Christmas  recess,  and  on 
the  re-opening  of  the  schools  again,  following  the  Christmas  recess,  all  the 
children  were  required  to  be  examined  before  re-entering  school.  The  cost 
of  this  examination  was  about  $230,  but  without  doubt  this  measure  acted 
very  powerfully  toward  quieting  popular  excitement  and  preventing  more 
extended  spread  of  the  disease ;  a  few  cases  occurred  during  January  but 
by  the  end  of  January  the  epidemic  was  at  an  end.  In  all,  up  to  Jan.  1, 
1900,  for  the  entire  year,  62  cases  were  reported,  and  of  these  1  only 
proved  fatal.  The  board  feels  that  the  town  is  to  be  congratulated,  not 
only  upon  the  mildness  of  the  epidemic,  but  upon  the  fact  that  it  has  prac- 
tically come  to  an  end  so  quickly  in  contradistinction  to  the  course  of  most 
scarlet  fever  epidemics  occurring  during  the  cold  season  of  the  year. 

The  board  has  continued  the  practice  of  having  all  disinfecting  done  by 
an  agent  of  the  board,  properly  instructed  in  his  work.  A  few  cases  of 
recurrences  have  occurred  following  the  board  of  health  disinfection,  but 
the  board  feels  satisfied  that  they  are  much  fewer  than  would  have  occurred 
under  the  old  plan  of  individual  disinfection. 

Typhoid  fever  has  been  seen  but  three  times  this  year  and  one  of  these 
cases  was  reported  from  the  Franklin  County  public  hospital,  the  patient 
being  sent  to  that  institution  from  a  neighboring  town.  Of  the  three  cases 
reported  one  proved  fatal. 

Haverhill. 

Notices  have  been  sent  to  the  owners  of  all  wells  shown  by  analyses  to 
be  polluted  advising  against  the  further  use  of  these  waters  for  drinking 
purposes.  For  a  city  as  large  as  Haverhill,  supplied  with  surface  water, 
and  surrounded  with  thickly  settled  suburbs,  it  is  a  difficult  problem,  and 
an  expensive  one,  to  keep  its  water-sheds  free  from  pollution  ;  but  notwith- 
standing the  difficulty,  measures  should  be  taken  to  guard  against  it,  no 
matter  how  great  the  expense. 

The  board  of  health  and  the  department  of  the  public  schools  have,  as 
in  previous  years,  worked  in  unison  through  the  year  in  the  interest  of  the 
school  children.  In  every  instance  there  has  been  an  immediate  and  hearty 
response  to  all  requests  and  suggestions  addressed  to  the  superintendent  of 
schools  and  the  teachers,  and  much  of  the  success  that  has  attended  our 
efforts  at  the  restriction  of  scarlet  fever  and  diphtheria  may  be  attributed 
to  the  faithful  enforcement  of  the  statutes  and  the  regulations  of  the  school 
board.  Our  notes  show  that  mistakes  by  some  practitioners  in  the  diagnosis 
of  diphtheria  and  scarlet  fever,  and  the  neglect  of  some  parents  to  have 
any  medical  attendance,  were  the  causes  of  at  least  two  outbreaks  in  the 
schools. 
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Unquestionably,  our  schools  should  have  some  system  of  medical  inspec- 
tion. The  greatest  damage  is  done  by  children  being  in  school  during  the 
infection  and  development  of  contagious  disease,  and  by  too  early  return 
to  school  after  convalescence.  There  should  be  a  daily  inspection  of  at 
least  all  the  schools  in  the  city  proper  by  qualified  physicians,  whose  duties 
should  be  to  trace  sources  of  infection,  to  examine  suspicious  cases  and  to 
guard  a  class-room  of  children  when  any  contagion  has  developed.  This 
would  reduce  to  a  minimum  the  spread  of  contagious  diseases  in  our 
schools. 

An  appropriation  should  also  be  made  for  chemical  and  bacteriological 
work.  The  number  of  physicians  in  the  city  availing  themselves  of  the 
facilities  provided  by  the  State  Board  of  Health  for  a  bacterial  diagnosis 
in  cases  of  diphtheria  has  steadily  increased.  This  is  in  itself  the  best 
proof  of  the  usefulness  of  the  method  and  confidence  it  has  already  ac- 
quired. But  to  depend  wholly  upon  the  State  Board  of  Health  for  bac- 
teriological examinations  is  at  best  but  a  half-way,  slow  and  uncertain 
method.  We  ought  to  have  a  bacteriologist  of  our  own,  with  the  necessary 
apparatus  for  his  use.  All  well-regulated  cities  are  provided  with  such 
necessities  for  the  carrying  on  of  such  work,  and  we  would  recommend 
that  your  honorable  body  consider  the  matter  seriously  and  make  provision 
for  the  same  in  the  near  future. 

In  conformity  with  the  Acts  of  1896,  chapter  418,  which  places  all 
bakeries  under  the  supervision  of  boards  of  health,  the  board  caused  the 
usual  inspection  of  them  to  be  made.  An  examination  of  the  agent's  re- 
port shows  that  at  the  time  these  inspections  were  made  there  were  19 
bakeries ;  of  this  number  but  4  were  reported  as  "  clean  and  in  good  con- 
dition," 12  were  reported  as  "filthy,"  3  as  "fairly  clean,"  while  2  had 
filthy  water-closets  and  apartments  ventilating  into  the  bake-rooms  close 
to  the  mixing  troughs.  In  some  of  the  bakeries,  the  conditions  which  are 
described  as  "  filthy"  are  fully  justified  by  the  remainder  of  his  report. 

The  report  of  Medical  Inspector  Morse  upon  typhoid  fever  in  Haverhill 
follows  :  — 

Jan.  5,  1899. 

The  continuance  of  cases  of  typhoid  fever  in  Haverhill  during  the  past  year  to 
a  someAvhat  greater  number  than  should  be  expected  in  a  city  of  that  size,  but  to 
a  less  degree  in  point  of  numbers  than  for  the  two  preceding  years,  has  led  to  a 
further  investigation  of  the  cases  with  the  hope  of  finding  the  source  of  infection. 
These  cases  have  been  collected  by  the  clerk  of  the  board  of  health  of  Haverhill. 
Although  the  epidemics  of  1896  and  1897  pointed  to  Crystal  Lake  as  the  probable 
source  of  infection,  rather  than  to  any  other  water  supply,  still  a  chemical  exam- 
ination of  the  water  failed  to  show  the  presence  of  the  contamination.  In  addi- 
tion, a  careful  consideration  of  the  milk  and  ice  sujaplies  showed  no  possible 
means  of  infection. 

During  the  past  year,  dating  from  Dec.  1,  1897,  to  Dec.  1,  1898,  there  have  been 
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93  cases  of  typhoid  fever  reported  to  the  board  of  health  of  Haverhill,  being  28 
less  than  in  1897  and  24  less  than  in  1896,  indicating  that  although  the  cause  of 
the  infection  still  exists,  the  virulence  of  the  organism  is  somewhat  impaired  or 
it  is  resisted  more  successfully. 

During  the  ten  years  from  1885  to  1895  there  were  470  cases  of  typhoid  fever 
in  Haverhill,  being  an  avei*age  of  47  for  each  yeai",  and  taking  the  population  of 
1890  as  an  average,  one  case  to  each  583  inhabitants  would  be  obtained.  The 
population  for  this  year  is  estimated  at  36,986  and  with  the  average  obtained  for 
these  ten  years  the  city  would  expect  63  cases  in  place  of  93. 

Nineteen  have  occurred  in  children  under  fifteen  years  of  age  and  74  in  those 
over  fifteen  years  ;  54  were  males  and  39  females,  showing  that  if  Crystal  Lake 
is  still  to  be  considered  as  the  source  of  infection,  the  preponderance  of  males 
over  females  became  infected  at  their  work  where  Ciystal  Lake  water  was  sup- 
plied.   There  were  9  deaths,  a  rate  of  9.6  per  cent. 

A  careful  study  has  been  made  of  the  water  supply  with  reference  to  this 
unusual  prevalence  of  illness. 

Of  the  93  cases  in  question,  5  were  ill  when  they  came  to  the  city  and  21  others 
were  in  all  probability  infected  from  som'ces  outside  the  public  water  suppl3^  as 
follows :  — 

First.  —  Thirteen  from  wells  or  springs.  Of  these  cases,  5  were  supplied  from 
one  well  from  which  well  cases  probably  developed  last  year,  as  an  examination 
of  the  water  showed  much  pollution  and  the  cesspool  collecting  the  sewage  from 
the  house  is  only  ten  feet  distant  from  the  well.  Four  of  these  5  cases  were  resi- 
dents at  the  house,  while  the  fifth  was  the  nurse  who  came  to  care  for  them,  and 
she  was  taken  ill  a  few  days  after  arriving,  either  from  drinking  the  well  water 
or  from  direct  infection  from  the  patients  themselves.  Another  case  was  one 
where  the  cesspool  was  only  twenty  feet  from  the  well  from  which  the  patient  ob- 
tained water;  another  from  a  well  known  to  have  been  infected  in  1894,  and  2 
more  cases  from  another  well  which  was  the  cause  of  a  case  last  year,  the  well 
being  a  public  one  on  the  street,  and  an  analysis  showing  much  pollution  of  the 
water.  The  remaining  4  cases  are  from  three  wells  and  one  spring,  not  known 
to  have  been  infected,  while  the  patients  themselves  claim  that  these  were  the 
only  sources  of  their  water  supply. 

Second.  —  Eight  others  comprise  those  cases  which  had  been  out  of  town  for  a 
number  of  days,  and,  having  returned  to  Haverhill,  were  taken  ill  with  the  dis- 
ease within  fifteen  days  of  the  date  of  their  return. 

Of  this  number  3  were  probably  infected  by  visits  to  Salisbury  Beach  ;  another 
after  returning  from  a  vacation  of  two  weeks,  which  was  spent  in  "  camping 
out ;  "  another  was  taken  ill  thirteen  days  after  returning  from  Natick  ;  another 
eleven  days  after  coming  from  Nashua,  N.  H.,  where  her  son  was  ill  with  the 
disease ;  and  the  2  remainder  were  taken  ill  thirteen  and  fifteen  days,  respec- 
tively, after  returning  from  Efiingham  and  Gloucester.  Of  the  five  imported 
cases,  3  were  soldiers  returning  from  the  south,  and  the  other  cases  came  from 
Brockton  and  Chocorua,  N.  H.,  ill  with  the  disease. 

Deducting  these  26  cases  of  outside  infection,  i.e.,  those  not  to  be  considered  in 
connection  with  possible  infection  from  the  city  water,  there  remain  67  cases  to 
be  accounted  for,  as  compared  with  63  which  has  been  shown  to  be  the  average 
number  for  the  city  per  year.    The  water  supply  of  Haverhill  is  derived  chiefly 
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from  Crystal  and  Kenoza  lakes,  a  limited  portion  by  Pentucket  Lake,  and  the 
district  of  Bradford  by  Johnson's  Pond.  Having  these  variable  supplies  compli- 
cates the  tracing  of  an  epidemic  of  typhoid  fever  to  any  one  supply,  for  a  man 
vp^orking  in  one  of  the  factories  may  have  Kenoza  Lake  water  at  home  and  Crystal 
Lake  water  at  his  work,  or  a  person  living  in  Bradford  and  having  Johnson's  Pond 
water  there  will  have  Crystal  Lake  water  at  his  place  of  business  in  Haverhill 
proper. 

By  an  analysis  of  the  various  cases,  however,  it  has  been  observed  that  32 
cases,  or  47  per  cent.,  had  access  to  Crystal  Lake  water  and  that  supply  alone,  6 
had  only  Kenoza  Lake  water  and  3  had  Johnson's  Pond  water  alone.  Of  the 
remaining  26  cases,  12  had  Kenoza  at  home  and  Crystal  Lake  at  school  or  at 
their  place  of  business,  3  had  Johnson's  Pond  at  home  and  Crystal  at  the  place  of 
occui^ation,  2  had  Pentucket  at  home  and  Crystal  Lake  at  their  work,  2  had  Pen- 
tucket and  Kenoza  together,  2  each  had  Crystal  and  a  well,  Kenoza  and  a  well 
and  Johnson's  and  a  well,  while  the  remaining  1  had  access  to  both  Pentucket 
water  and  a  well. 

Grouping  these  cases  together  it  will  be  seen  that  51  of  them,  or  76  per  cent., 
had  access  to  Crystal  Lake  water  at  one  time  or  another,  while  only  22  cases,  or 
32  i)er  cent.,  had  access  to  Kenoza  Lake  water  at  one  time  or  another. 

By  figures  obtained  from  the  Haverhill  water  board  it  was  found  that  3,671 
families  were  supplied  from  Crystal  Lake  water,  3,434  from  Kenoza  Lake,  208 
from  Pentucket  Lake  and  955  from  Johnson's  Pond.  These  figures,  averaged 
with  the  population,  give  approximately  4^  persons  in  each  family,  and,  therefore, 
16,569  inhabitants  to  Crystal  Lake,  15,453  to  Kenoza  Lake,  936  to  Pentucket  Lake 
and  4,297  to  Johnson's  Pond.  It  was  further  seen,  however,  that  all  of  the  shoe 
and  other  factories,  nearly  all  of  the  stores  and  shops,  hotels  and  saloons,  and 
most  of  the  public  buildings  were  supplied  by  Crystal  Lake  water,  and  some  of 
the  inhabitants,  although  living  in  the  Kenoza  Lake  district,  were  exposed  to 
Crystal  Lake  water  at  their  place  of  business.  On  this  account  all  of  the  cases  of 
typhoid  fever  occurring  and  having  been  exposed  to  Crystal  Lake  water  for  drink- 
ing purposes  have  been  grouped  together  and  thus  plotted  upon  the  map,  while 
the  remainder,  i.e.,  those  drinking  Kenoza,  Pentucket  or  Johnson's  Pond  water 
and  that  only  have  been  so  grouped,  the  preponderance  of  cases  thus  clearly 
showing  some  important  connection  with  the  drinking  of  Crystal  Lake  water. 
The  last  analysis  of  the  water  shows  no  unusual  amount  of  contamination,  the 
infection  being  probably  in  a  very  dilute  form  and  only  developing  under  very 
favorable  conditions. 

The  milk  and  ice  supplies  of  these  cases  have  also  been  considered  as  pos- 
sible means  of  infection  but  a  study  of  the  cases  fail  to  implicate  any  of  the 
dealers. 

Concerning  the  milk  dealers,  with  the  exception  of  three  dealers,  not  one  of 
them  supplied  more  than  two  cases  having  typhoid  fever  where  the  origin  of  the 
disease  was  unknown,  and  in  many  instances  the  milkman  was  as  variable  as  the 
cases  themselves.  The  three  men  in  question  supplied  six,  six  and  three  cases, 
respectively,  but  as  they  each  had  large  milk  routes,  and  no  history  of  the  disease 
appearing  in  connection  with  their  supply,  it  was  decided  that  the  larger  number 
of  cases  on  their  routes  were  aj^parently  on  account  of  the  larger  number  of 
people  supplied  by  them. 
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The  ice  of  Haverhill  is  gathered  from  Lake  Pentucket  and  is'considered  of 
good  quality.  If  the  cases  of  typhoid  fever  were  due  to  an  infected  supply  we 
should  expect  them  more  closely  connected  with  a  particular  supply  and  occur- 
ring in  the  summer  time,  and  not  continuing  into  the  fall  of  the  year,  as  is  the 
case. 

A  further  analysis  of  the  cases  occurring  from  August,  1895,  to  Jan.  1,  1897, 
shows  that  at  their  homes  79  of  the  cases  were  supplied  by  Crystal  Lake  water,  54 
by  Kenoza  Lake,  and  10  by  either  Round  Pond  or  Lake  Saltonstall.  Even  in  this 
group  of  cases  the  proportion  points  very  suspiciously  toward  Crystal  Lake  sup- 
ply, and  if  a  proportionate  number  of  these  cases  which  derived  their  home  sup- 
ply from  Kenoza  Lake  and  Round  Pond,  and  who  at  their  place  of  business  had 
Crystal  Lake  water  to  drink,  is  added  to  the  79  cases  in  question  it  becomes  al- 
most an  assured  fact  of  the  source  of  pollution.  The  data  in  regard  to  these  cases 
from  August,  1895,  to  January,  1897,  cannot  be  obtained,  however,  and  the  cases 
cannot  be  studied  as  carefully  as  these  are  at  the  present  time. 

The  five  camps  upon  the  shore  of  Crj'stal  Lake  are  in  much  the  same  condition 
as  stated  in  the  last  report,  and  have  been  occupied  occasionally  for  pleasure  pai*- 
ties  during  the  summertime.  Of  the  persons  having  typhoid  fever,  however, 
none  have  been  known  to  have  gone  to  the  lake  at  any  time,  but  it  is  possible  that 
of  pei'sons  living  outside  of  Haverhill  and  who  have  been  at  the  lake  one  of  them 
may  have  been  ill  with  the  disease.  The  Haverhill  water  board  have  caused 
notices  to  be  placed  at  the  most  frequented  localities  prohibiting  the  disposal  of 
garbage  and  refuse  matter  upon  the  shores  of  the  lake.  This  i-egulation  has 
been  enforced  to  a  certain  degree,  for  two  persons  have  been  arrested  and  fined 
in  court  for  violation  of  it.  With  proper  precautions  it  is  apparent  that  about  20 
per  cent,  of  these  cases  could  be  prevented.  Three  of  the  wells  infecting  eight 
persons  were  known  to  have  been  infected  and  had  previously  caused  cases  of 
typhoid  fever,  and  the  sanitary  conditions  surrounding  some  of  the  I'emainder  of 
the  wells  where  cases  developed  were  in  an  unhealthful  condition.  The  local 
board  of  health  should  take  measures  to  suppress  any  further  development  of  the 
disease  from  these  sources.  The  evidence  still  points  to  some  dilute  contamina- 
tion of  Crystal  Lake  water  of  unknown  origin,  and  as  the  conditions  about  the 
lake  are  much  the  same  as  were  present  one  year  ago,  it  is  advisable  for  the 
water  board  to  prohibit  picnic  parties  from  gathering  upon  the  shores  and  to  keep 
the  watershed  in  as  uninfected  a  condition  as  possible. 

Fkank  L.  Morse,  M.D., 

Aledical  Inspector. 

The  following  communication  was  sent  to  the  sanitary  authorities  of  the 
city  :  — 

Feb.  3,  1899. 
To  the  Board  of  Health  of  the  City  of  Haverhill. 

Gentlemen:  —  The  continuance  of  cases  of  typhoid  fever  in  Haverhill  during 
the  past  year  has  led  to  a  further  investigation  of  the  cases,  in  which  this  Board 
has  been  ably  assisted  by  the  clerk  of  your  local  board. 

During  the  year  commencing  Dec.  1,  1897,  there  were  93  cases  of  typhoid  fever. 
This  number  is  less  than  the  number  of  cases  in  each  of  the  years  1896  and  1897, 
but  is  nearly  50  per  cent,  greater  than  occurred  with  the  same  population  in  the 
ten-year  period  previous  to  the  excessive  outbreak  of  those  two  years. 
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Of  these  93  cases,  5  were  ill  when  they  came  to  Haverhill  and  21  others  may 
have  been  infected  from  sources  outside  the  public  water  supply.  Of  these  latter 
cases  5  were  supplied  by  water  from  a  well  shown  by  a  previous  examination  to 
have  been  polluted.  The  cesspool  in  these  cases,  as  also  in  another  case,  was 
within  twenty  feet  of  the  well,  while  3  other  cases  developed  in  houses  where 
water  was  obtained  from  wells  also  known  to  have  been  polluted. 

In  addition  to  these  cases  8  others  may  have  become  infected  from  out-of-town 
sources ;  for,  having  been  absent  from  Haverhill  for  a  number  of  days  and  re- 
turning, they  were  taken  ill  with  the  disease  within  fifteen  days. 

Deducting  these  2G  questionable  cases,  there  are  67  remaining  who  probably 
received  their  infection  while  in  Haverhill.  A  careful  examination  of  their  water 
sui^iDlies,  both  at  home  and  at  place  of  business,  shows  that  51  of  them,  or  76  per 
cent.,  had  access  to  Crystal  Lake  water  at  one  time  or  another,  while  under  the 
same  conditions  only  22  cases,  or  82  per  cent.,  had  access  to  Kenoza  Lake  water. 
A  further  inquiry  was  made  into  the  milk  and  ice  supplies  of  the  patients,  but  no 
one  supply  was  suspected  of  infection. 

The  present  examination  confirms  the  conclusions  reached  last  year,  with  the 
addition  that  a  larger  percentage  of  cases  may  be  attributed  to  the  water  of 
Kenoza  Lake  than  at  that  time,  and  it  so  intimately  associates  several  wells 
which  are  evidently  polluted,  situated  upon  Bateman  Street,  Eastern  Avenue, 
East  Broadway  and  Ferry  Street,  Bradford,  that  the  Board  recommends  that  the 
use  of  these  wells  be  immediately  prevented  and  repeats  its  advice  of  Jan.  21, 
1898,  as  follows:  — 

"  In  view  of  all  the  circumstances,  the  Board  would  advise  that  it  is  their  judg- 
ment that  the  recent  excessive  sickness  and  mortality  from  typhoid  fever  have 
been  due  to  the  pollution  of  the  water  supply,  principally  of  that  from  Crystal 
Lake,  and  it  becomes  necessary  that  all  possible  soui'ces  of  pollution  within  the 
water-shed  of  Crystal  Lake  and  of  all  other  sources  of  public  water  supply  of  the 
city  be  cut  oflf,  and  that  hereafter  all  access  to  the  shores  of  the  lakes  and  ponds 
from  which  the  supply  of  any  portion  of  the  city  is  drawn  be  under  the  super- 
vision and  control  of  a  board  having  authority  if  necessary  to  exclude  all  persons, 
and  that  such  measures  be  taken  that  the  city  authorities  can  feel  sure  that  all 
danger  of  contamination  from  visitors  or  others  has  been  provided  against." 
By  order  of  the  Board, 

S.  W.  Abbott,  M.D., 

Secretary. 

HOLYOKE. 

The  following  is  a  report  of  Medical  Inspector  Morse  upon  an  epidemic 

of  dysentery  at  Holyoke  :  — 

April  4,  1899. 

On  March  20,  1899,  the  State  Board  of  Health  received  a  communication  from 
the  water  registrar  of  Holyoke  conveying  information  of  the  presence  of  a  large 
number  of  cases  of  dysentery  in  that  city,  and  on  the  following  day  an  investiga- 
tion was  commenced.  Upon  interviewing  eight  of  the  leading  practitioners  of 
that  city,  it  was  found  that  91  cases  of  dysentery  and  95  cases  of  diarrhoea  had 
occurred  in  their  practice  during  the  preceding  eight  days.  The  cases  classed  as 
dysentery  were  characterized  by  vomiting,  a  temperature  of  103°  to  105°,  marked 
prostration,  diarrhoea  followed  by  a  bloody  mucous  discharge,  considerable  pain 


No.  34.]  HEALTH   OF   TOWNS.  749 

and  tenesmus,  and  lasting  from  three  to  five  days  in  duration.  The  cases  of 
diarrhoea  were  marked  by  milder  symptoms,  with  some  abdominal  pain  and 
tenesmus,  looseness  of  the  bowels,  headache,  slight  rise  in  temperature  and 
general  feelings  of  malaise.  Many  of  the  later  cases  were  up  and  about  daily 
and  consulted  the  doctor  at  his  office,  while  all  of  the  former  cases  were  sick  in 
bed  at  their  homes. 

The  first  cases  appeared  on  the  morning  of  March  13,  and  during  the  three  fol- 
lowing days  the  greater  number  of  all  of  the  cases  appeared.  They  then  grad- 
ually disappeared  in  frequency,  and  on  the  20th  and  21st  only  7  cases  could  be 
located,  and  those  of  a  much  milder  character  than  those  appearing  in  the  early 
part  of  the  epidemic. 

The  situation  of  the  cases  first  appearing,  with  but  very  few  exceptions,  was  in 
a  definite  locality  bounded  practically  by  Hampshire,  Beech,  Appleton  and  High 
streets,  and  as  the  cases  increased  in  number,  those  not  found  in  this  locality  were 
in  its  immediate  vicinity  in  wards  2,  4  and  5.  Wards  1,  3  and  7  had  practically 
no  cases  which  could  be  connected  with  the  present  epidemic. 

Some  of  the  patients  were  seen  personally  and  inquiry  made  as  to  their  milk 
supply,  their  grocery  and  provision  dealer,  the  use  of  canned  goods,  their  private 
water  supply,  and  other  possible  common  sources  of  infection,  but  with  negative 
results.     All  of  the  cases  recovered  and  rapidly  subsided  under  proper  treatment. 

The  occurrence  of  this  large  number  of  cases  of  diarrhoea  and  dysentery,  ap- 
proximately 200  cases,  among  a  well-to-do  class  of  people,  living  under  proper 
hygienic  conditions,  with  apparently  no  common  source  of  infection  with  the 
exception  of  the  public  water  sujjply  is,  indeed,  somewhat  confusing,  but  when 
it  is  observed  that  the  locality  in  which  these  people  lived  is  probably  one  of  the 
first,  if  not  the  first,  supplied  by  water  from  the  Wright  and  Ashley  reservoir, 
perhaps  the  origin  of  the  cases  may  be  understood. 

The  water  supply  of  the  city  is  derived  from  two  sources,  the  Wright  and 
Ashley  reservoir  supplying  approximately  two  and  three-fourths  millions  gallons 
daily,  and  the  Whiting  Street  reservoir  supplying  about  three-fourths  of  a  million 
gallons  daily,  the  pipes  of  each  of  which  intersect  the  other  and  therefoi'e  each 
being  capable,  at  times,  of  supplying  the  whole  city.  If  the  source  of  infection 
were  the  Whiting  Street  reservoir  water  we  would  expect  that  Ward  7  would 
contain  the  first  and  the  lai'ger  number  of  cases,  when,  in  fact,  it  contains  few  or 
none ;  while  on  the  other  hand,  the  inhabitants  of  the  city  first  supplied  by  the 
Wright  and  Ashley  reservoir  water  were  the  ones  first  attacked,  and  the  later 
cases  developing  (which  were  also  milder  in  character)  were  located  in  the  dis- 
tricts, probably  supplied  from  the  same  source  but  further  from  its  centre. 

The  chemical  analysis  of  the  water  from  this  reservoir  throws  no  light  upon  the 
cause  of  the  sickness,  but  there  were  present  in  the  water  Synura  and  Uroglena, 
with  a  characteristic  cucumber  odor  pi'csent.  The  presence  of  these  organisms 
is  not  conclusive  as  to  the  origin  of  the  sickness,  but  more  of  a  coincidence,  for 
they  are  known  to  exist  in  other  supplies  without  producing  an  epidemic,  and 
they  are  even  now  present  in  this  supply  after  the  cases  have  all  recovered  and 
no  new  ones  developed. 

Hudson. 
It  should  be  possible  to  ascertain  from  a  well-organized  board  of  health 
the  number  and  causes  of  the  deaths  which  have  occurred  in  any  given 
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house  or  section  of  the  town,  the  kinds  of  the  diseases  that  have  prevailed 
in  it,  and  the  character  and  location  of  its  drainage  and  sewer  connections. 
Such  records  would  be  valuable,  not  only  in  investigating  the  outbreak  of 
a  disease,  but  to  one  proposing  to  buy  or  rent  a  house  it  would  be  more 
important  than  a  record  of  title.  The  healthfulness  of  a  house  should  be 
judged  in  part  from  this  history  of  the  diseases  and  deaths  that  have 
occurred  in  it  and  in  part  from  a  careful  examination  of  its  premises  and 
drainage  ;  also  its  fresh-air  supply.  The  numbering  of  houses  is  a  great 
aid  to  such  a  record,  and  it  is  hoped  that  all  the  physicians  —  as  most  do 
already  —  will  kindly  assist  in  perfecting  the  record  by  giving  the  number 
of  the  house  in  making  out  their  certificates  of  deaths  and  contagious 
diseases. 

Htde  Park. 

The  question  of  garbage  collection  has  been  brought  to  our  attention 
several  times  during  the  past  year  in  connection  with  numerous  complaints 
in  regard  to  the  general  custom  prevailing  in  the  town  of  dumping  refuse 
matter  in  any  convenient  place  or  places  that  may  be  found  about  the 
town.  There  are  probably  twenty  or  more  such  places  in  and  about  the 
town,  and  as  the  matter  usually  dumped  on  them  is  not  such  as  to  create 
noisome  odors  by  decaying,  there  is  no  present  remedy  if  the  owners  of  the 
land  desire  to  use  the  same  as  a  dump.  However,  if  suitable  provisions 
were  made  for  the  collection  of  house  and  store  dirt,  ashes,  etc.,  and  a 
dump  properly  cared  for  or  the  waste  matter  destroyed,  the  town  would 
present  a  much  cleaner  appearance. 

The  method  of  quarantine  in  contagious  cases  has  been  the  same  as  in 
former  years,  and  the  disinfection  and  fumigation  by  formaldehyde  gas  has 
been  continued  by  the  board  with  very  gratifying  results. 

During  the  summer  we  had  cause  to  investigate  several  cases  of  typhoid 
fever  that  seemed  to  show  common  cause  or  causes  for  infection.  It  was 
found  that  the  trouble  could  be  attributed  almost  wholly  to  the  milk  supply 
in  the  families.  The  milkmen  were  instructed  as  to  the  proper  methods 
for  the  care  of  their  product,  and  since  then  there  have  been  no  cases  that 
could  be  traced  to  that  source. 

Leominster. 

This  board  feels  that  at  last  one  source  of  danger  to  the  health  of  this 
town  has  been  removed.  Monoosnock  Brook,  which  runs  directly  through 
the  centre  of  the  town  and  which  for  years  has  been  a  sewer  into  which  the 
sewerage  of  many  factories,  houses  and  stores  lining  its  banks  has  emptied 
itself,  has  at  last  been  freed  from  this  condition  of  things  and  rendered  as 
pure  as  it  is  possible  to  make  it.  The  shops  and  factories  which  line  its 
banks  have   all  been  compelled  to  withdraw  their  sewerage  from  it  andi 
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empty  into  sewers  which  have  been  put  in  for  this  purpose.     The  same 
applies  to  the  houses  which  formerly  made  the  same  use  of  this  brook. 

Cases  of  contagious  diseases  reported  have  received  the  same  attention 
as  in  previous  years,  the  houses  quarantined  or  placarded  as  the  case  re- 
quired, and  proper  fumigation  resorted  to  afterwards.  The  board,  recog- 
nizing the  fact  that  formaldehyde  gas  is  at  the  present  time  considered  to 
be  the  proper  destroyer  of  germs  and  bacilli,  and  that  it  is  used  to-day  by 
nearly  all  the  larger  cities  and  towns  in  fumigating,  to  the  exclusion  of  all 
other  methods,  has  this  past  year  purchased  a  formaldehyde  generator, 
which  is  used  in  all  cases  requiring  fumigation,  as  after  cases  of  diphtheria 
and  scarlatina. 

This  board  would  suggest  that  every  family  in  which  there  is  a  case  with 
a  sore  throat,  or  with  any  eruption  or  redness  of  the  skin  whatever,  should 
immediately  call  in  some  physician  and  ascertain  what  the  nature  of  the 
trouble  may  be.  If  it  be  a  simple  case,  no  harm  is  done  by  so  doing,  while 
on  the  other  hand  there  may  be  the  danger  that  either  diphtheria  or  scarlet 
fever  may  be  present.  Families  are  sometimes  too  apt  to  let  these  cases 
go  and  allow  them  to  mingle  with  others  until  the  nature  of  the  disease 
becomes  apparent  to  every  one.  In  such  cases  it  is  impossible  to  estimate 
the  damage  done,  or  the  number  who  have  been  needlessly  exposed.  There 
has  been  one,  and  we  are  quite  sure  more,  cases  the  past  year  which  have 
thus  been  allowed  to  go  on  and  no  physician  called.  These  cases  are,  in  our 
minds,  in  a  measure  responsible  for  a  larger  number  of  cases  reported  than 
should  be.  With  care  on  the  part  of  families  in  this  direction  the  conta- 
gious diseases  should  diminish  in  numbers  and  much  unnecessary  sickness 
and  some  deaths  perhaps  prevented.  It  might  be  well  were  there  a  penalty 
imposed  for  being  careless  in  this  direction. 

This  board  would  also  suggest  that  the  physician  who  has  been  called  to 
attend  the  case  be  notified  when  the  three  weeks  have  elapsed  in  cases  of 
scarlet  fever,  in  order  that  he  may  send  in  a  recovery  card,  with  which  he 
is  supplied  by  the  board  of  health,  so  that  the  board  may  know  when  it  is 
possible  to  fumigate  the  premises.  Cases  which  go  on  peeling  for  a  longer 
period  should  wait  until  they  have  apparently  finished,  and  then  call  in  the 
physician  for  the  proper  examination.  No  case  of  either  diphtheria  or 
scarlet  fever  is  fumigated  until  the  attending  physician  sends  in  the  recov- 
ery card. 

Lexington. 

Until  otherwise  ordered,  all  persons  are  prohibited  from  driving,  or  caus- 
ing to  be  driven,  any  diseased  cattle  within  the  limits  or  upon  any  of  the 
streets  of  the  town  of  Lexington  from  other  towns  or  cities,  under  penalty 
of  arrest. 

The  board  of  health  hereby  adjudges  that  the  exercise  of  the  trade  or 
employment  of  keeping  swine  within  the  limits  of  the  town  is  a  nuisance, 
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and  hurtful  to  the  inhabitants  thereof  and  dangerous  to  the  public  health. 
No  person,  firm  or  corporation  shall  engage  in,  or  exercise  within  the  limits 
of  the  town  of  Lexington,  the  trade  or  employment  of  keeping  swine  with- 
out having  first  obtained  a  permit  thereof  in  writing  from  the  board  of 
health,  and  such  permit  may  be  revoked  at  any  time  by  said  board. 

The  board  of  health  hereby  adjudges  that  the  exercise  of  the  trade  or 
employment  of  slaughtering  cattle,  swine,  sheep  or  other  animals,  or  con- 
ducting a  melting  or  rendering  establishment,  is  a  nuisance,  and  hurtful 
to  the  inhabitants  of  the  town  and  dangerous  to  the  public  health.  No 
person,  firm  or  corporation  shall  engage  in,  or  exercise  within  the  limits 
of  the  town  of  Lexington,  the  trade  or  employment  of  slaughtering  cattle, 
swine,  sheep  or  other  animals,  or  of  conducting  a  melting  or  rendering 
establishment;  but  this  regulation  shall  not  apply  to  any  person,  firm  or 
corporation  who  may  be  engaged  in  such  business  or  employment  within 
the  limits  of  the  town  of  Lexington  at  the  date  of  the  adoption  hereof. 

Lincoln. 
Early  in  the  year  a  report  reached  the  board  that  certain  parties  con- 
templated the  establishment  of  extensive  slaughtering  houses  in  the  south 
part  of  the  town  of  Lincoln,  and  that  they  had  bonded  lands  for  that  pur- 
pose ;  the  experience  of  the  past,  as  well  as  the  fact  that  the  parties  had 
been  urged  to  leave  their  former  location  because  of  the  offensive  character 
of  the  business,  led  this  board  to  take  active  measures  against  this  innova- 
tion. A  meeting  of  the  citizens  of  the  town  was  called  to  consider  the 
proposition,  which  was  promptly  vetoed  by  a  large  majority  of  the  voters 
present.  The  slaughter-house  that  has  stood  in  the  south  part  of  the  town 
for  several  years  was  within  the  line  of  the  water-shed  of  the  Cambridge 
water  works,  and  was  so  conducted  as  to  induce  the  Cambridge  authorities 
to  purchase  and  destroy  the  same.  Later,  petitions  from  two  different 
parties  in  the  north  part  of  Lincoln  were  presented  to  the  board  of  select- 
men, praying  for  licenses  to  conduct  slaughter-houses  in  that  part  of  the 
town.  Both  parties  were  refused,  as  being  inconsistent  with  the  higher 
interests  of  the  town,  as  well  as  the  rules  established  by  the  board  of 
health. 

Lowell. 
In  order  to  escape  from  the  constant  embrace  of  death,  five  long  years 
and  large  expenditures  of  money  have  been  made  in  experimenting  with  a 
driven-well  supply  of  water  that  would  supplant  the  necessity  of  allowing 
the  fatal  poison  contained  in  the  Merrimack  River  from  being  distributed 
in  our  mains  as  a  drinking  supply  to  our  citizens,  and  we  have  looked 
forward  with  the  hope  that  the  yearly  visitations  of  suffering  and  disease 
might  be  prevented  and  controlled  by  the  substitution  of  some  other  source 
of  water  supply. 
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The  exhibit  for  the  year,  in  relation  to  typhoid  fever,  is  extremely 
gratifying  to  the  department,  as  the  mortality  is  the  smallest  since  1865, 
thirty-five  years. 

Deaths  from  Small-pox  since  1837. 


1837, 

7 

1860, 

1 

1840, 

1 

1861, 

1 

1841, 

2 

1862, 

1 

1846, 

4 

1864, 

2 

1847, 

1 

1865, 

3 

1848, 

17 

1866, 

18 

1849, 

41 

1870, 

3 

1850, 

4 

1871, 

178 

1852, 

1 

1872, 

1 

1853, 

2 

1873, 

1 

1854, 

18 

1877, 

5 

1855, 

20 

1880, 

1 

1856, 

1 

1894, 

3 

1859, 

12 

1899, 

• 

I 

Cost  of  Small-pox,  1871-1899. 

Cases 
Reported. 

Deaths. 

Cost. 

1871,  

1877 

1885, 

1894 

1899,  

4 
8 
2 

178 
5 

3 

1 

122,794  27 
6,246  88 
1,603  54 
7,850  86 
1,038  52 

Garbage  and  Market  Refuse  burned  at  Cremator  Jan.  1  to  Dec.  31, 

1899. 

Tons  swill, 105  1 

Mattresses,     . 

.     367 

Tons  market  refuse, 

485 

Pigs,      .        . 

17 

Dogs, 

Cats, 

205 
.    320 

Loads  bedding, 
Calf,       . 

6 
1 

Bags  rag 

'S, 

237 

Carp 

3tS, 

3 

The  swill  from  the  hospitals  (105  tons),  the  market  refuse  from  meat 
and  fish  markets  (435  tons),  with  the  miscellaneous  articles  enumerated  in 
the  above  table,  have  been  burned  at  the  cremator,  thereby  preventing  the 
foul  odors  that  would  surely  have  been  a  source  of  complaint  and  danger 
to  those  living  near  the  various  dumps  used  by  the  department  for  the 
waste  material  of  the  city,  if  the  amount  burned  had  been  thrown  on  them 
during  the  year. 

If  no  other  use  is  made  of  the  cremator  than  to  take  care  of  such  refuse,, 
it  will  more  than  compensate  for  the  cost  of  disposal.     The  cremator  has 
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been  in  commission  nine  years,  and  with  a  small  outlay  for  repairs,  with 
the  work  it  is  now  called  upon  to  perform,  it  ought  to  last  as  many  more 
years. 

Ludlow. 

The  following  is  the  report  of  Medical  Inspector  Morse  upon  typhoid 
fever  at  Ludlow  :  — 

October,  1899. 

On  September  25  the  chairman  of  the  board  of  health  of  Ludlow  came  to  this 
office  with  the  report  that  a  large  number  of  cases  of  typhoid  fever  had  existed 
there  throughout  the  summer,  and  that  it  was  still  quite  prevalent.  It  was  his 
opinion  that  the  public  water  supply,  which  is  the  same  as  that  supplied  to  the 
city  of  Springfield,  might  be  the  cause  of  the  sickness,  and  he  requested  an 
investigation  as  to  the  origin  of  the  epidemic.  I  immediately  went  to  Ludlow 
for  that , purpose,  and  found  50  cases  of  the  disease  which  had  occurred  since 
July  8 ;  none  of  these  had  been  reported  to  this  Board  and  only  a  very  few  to 
the  local  board,  as  required  by  the  laws  of  the  State.  Thus  there  was  nothing 
authentic  to  start  with,  and  it  was  necessary  to  interview  the  doctors  of  the  town 
and  also  those  living  at  Indian  Orchard  to  get  reliable  information  in  regard  to 
the  cases.  This  was  given  frequently  from  memory,  and,  therefore,  at  the  begin- 
ning a  certain  handicap  was  attached  to  the  study  of  the  cases. 

Such  a  list  having  been  prepared,  visits  were  made  to  the  houses  where  cases 
existed,  and  as  such  houses  were  investigated,  other  cases  were  found  ill  with 
the  disease,  or  information  was  obtained  of  cases  existing  in  other  houses.  On 
account  of  the  character  and  nationality  of  most  of  the  patients  —  they  being  for 
the  most  part  Poles  —  it  was  necessary  to  have  an  interpreter,  and  an  intelligent 
young  man  was  obtained  from  the  mill  who  did  his  work  quite  satisfactorily,  in 
view  of  the  difficulties  present. 

The  disease  was  confined  principally  to  the  tenement-houses  on  Joy  Street,  a 
large  house  on  North  Street  near  the  railroad  track,  and  across  the  Chicopee 
River  at  Indian  Orchard.  The  cases  existing  at  the  house  on  North  Street  were 
7  in  number,  extending  over  a  period  of  time  from  July  8,  when  probably  the 
original  case  appeared.  Several  families  live  in  this  house,  aggregating  about 
100  people,  most  of  whom  work  in  the  mills.  It  is  stated  that  18  were  seen 
sleeping  in  one  room  at  night.  The  house  is  supplied  with  the  city  water  and 
the  milk  is  from  one  man,  who  supplies  most  of  the  Polish  families  in  the  village. 
The  privies  are  back  of  the  house,  about  40  feet  distant,  and  are  most  offensive, 
both  regarding  odor  and  sight,  and  a  foul  smelling  stream  could  be  seen  slug- 
gishly running  from  underneath  them.  There  was  also  evidence  that  the  tenants 
had  not  on  every  occasion  used  the  privies. 

On  Joy  Street,  six  houses  had  cases  of  typhoid  fever  in  them,  in  numbers  of 
from  1  to  6.  The  conditions  existing  here  were  of  much  the  same  nature  as  at 
the  North  Street  house,  and  with  two  exceptions  were  owned  by  the  same  man. 
It  was  further  learned  that  these  people  had  formerly  lived  in  tenements  owned 
by  the  mill  people,  but  on  account  of  their  filthy  habits  had  been  ordered  to 
move  and  had  sought  refuge  in  these  tenements.  The  facilities  for  taking  care 
of  the  patients  were  of  the  meanest  kind,  many,  I  believe,  had  no  medical  attend- 
ance during  their  illness,  and  most,  if  not  all  of  them,  little  or  no  nursing,  being 
obliged  to  wait  upon  themselves  usually  ;  and  I  saw  many  of  the  sick  ones  with 
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their  clothes  on  and  lying  on  the  bed  or  lounge.  The  sanitary  conditions  exist- 
ing at  these  houses,  together  with  the  lack  of  any  precautions  whatsoever,  seemed 
to  me  suflS.cient  to  propagate  the  disease  for  an  indefinite  time,  and  I  so  informed 
the  chairman  of  the  local  board  of  health. 

Another  locality  where  cases  had  developed  was  across  the  river  at  Indian 
Orchai'd.  Three  houses  were  involved  here,  with  a  total  of  8  cases.  The  fami- 
lies here  were  of  a  somewhat  better  class  and  their  houses,  although  much  the 
same  in  general  appearance,  were  more  tidily  kept.  On  account  of  not  having 
the  public  water  supply,  the  tenants  are  obliged  to  use  well  water,  which  appar- 
ently had  been  used  since  the  time  of  the  first  inhabitant.  Two  of  these  houses 
had  wells  from  which  the  water  was  obtained  by  means  of  a  bucket  and  rope, 
and  samples  from  them  showed  the  foulest  pollution  ;  one,  in  fact,  showing  that 
it  had  been  polluted  to  an  extent  twice  as  great  as  crude  Natick  sewage,  but  had 
subsequently  purified  itself  somewhat  by  its  passage  through  the  ground.  An- 
other well  was  midway  between  the  back  of  the  house  and  privy,  hardly  ten  feet 
from  either,  and  a  sample  taken  also  showed  much  pollution. 

On  account  of  many  of  the  patients  working  at  the  mills,  a  visit  was  made  to 
them  and  their  condition  studied.  The  drinking  water  was  taken  from  two  driven 
wells  situated  in  the  mill  yards.  One  was  found  of  questionable  purity,  but  not 
sufl[iciently  polluted  to  warrant  it  being  condemned.  The  well  existing  at  Mill 
No.  5  was  much  polluted  and  should  not  be  used  for  drinking  purposes.  An- 
other driven  well,  at  Mill  No.  4,  also  showed  pollution,  but  had  long  ago  been 
abandoned,  although  water  could  be  pumped  from  it. 

The  mills,  with  the  exception  of  the  machine  shop,  have  both  Springfield  water 
and  Chicopee  River  water  running  in  pipes  throughout  the  buildings,  and  either 
is  available  for  drinking  purposes.  The  Springfield  water  is  used  in  the  fire 
sprinklers  and  in  the  hydrants,  the  river  water  in  the  sanitaries,  and  for  washing 
and  manufacturing  purposes  the  pipes  connecting  one  with  the  other ;  but  a  valve 
is  so  placed  as  to  shut  off  either  supply,  and  usually  no  Springfield  water  is  used 
except  for  fire  purposes,  thus  leaving  the  river  water  in  the  pipes  where  it  is 
available  although  not  customarily  used  for  drinking  purposes.  There  is  also  a 
pump  at  the  mills  which  can  be  used  in  times  of  fire  to  pump  river  water  into  the 
street  mains  about  the  town  ;  in  fact,  to  supplement  the  Springfield  water  should 
such  an  occasion  be  necessary.  Last  October,  about  a  year  ago,  such  a  test  was 
made  for  fifteen  minutes,  and  the  river  water  got  into  the  service  pipes  of  the 
town,  but  it  is  alleged  that  when  the  pumps  stopped  the  river  water  would,  by 
gravity,  flow  back  to  the  river  and  be  replaced  by  the  Springfield  water,  which 
seems  to  be  perfectly  possible.  On  June  6  of  this  year  another  fire  test  was 
made.  The  pump  was  run  fifteen  minutes,  but  the  valve  was  closed  so  that  no 
river  water  could  get  into  the  service  pipes. 

In  view  of  these  facts  it  seems  possible  that  river  water  can  at  any  time  be  in- 
troduced for  drinking  purposes,  and  therefore  the  inhabitants  of  the  town  are  at 
the  mercy  of  the  mill  owners.     Such  a  condition  ought  certainly  to  be  remedied. 

Samples  of  water  from  other  springs  and  wells  which  were  used  publicly  for 
drinking  purposes  were  taken  and  analyzed,  and  where  they  were  found  polluted 
the  local  board  of  health  were  advised  to  close  them. 

In  view  of  these  facts  it  seems  probable  that  most  of  the  cases  of  typhoid  fever 
existing  at  Ludlow  were  caused  by  the  poor  sanitary  conditions  existing  at  such 
houses  where  cases  of  the  disease  were  present  rather  than  to  any  specific  infec- 
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tion  of  the  milk  or  water,  and  in  a  communication  dated  October  6  the  board  of 
health  of  Ludlow  were  advised  to  remedy  these  existing  conditions  by  compelling 
such  houses  to  connect  with  the  sewers.  This  has  been  partially  accomplished  at 
the  present  time,  and  with  more  satisfactory  sanitary  arrangements  only  four  new 
cases  have  developed  in  the  Joy  Street  district  during  the  month. 

F.  L.  Morse,  M.D., 

Medical  Inspector. 

Boston,  Oct.  6,  1899. 
Chairman  Board  of  Health,  Ludlow,  Mass. 

Dear  Sir  :  —  In  connection  with  the  investigation  of  the  cases  of  typhoid  fever 
recently  occurring  in  your  town,  several  samples  of  water  were  collected  from 
wells  and  springs  which  people  of  the  town  were  known  to  have  used  for  drink- 
ing purposes.  The  analysis  of  these  samples  shows  some  of  doubtful  purity  and 
others  which  ought  not  to  be  used  under  any  conditions.  The  wells  supplying 
the  houses  where  Mrs.  M and  Mrs.  McH lived  are  most  foully  pol- 
luted and  should  be  immediately  abolished.  As  there  are  also  other  wells  in  the 
same  neighborhood,  samples  should  be  taken  to  determine  their  purity. 

Well  at  Ludlow  Mill  No.  2  is  of  questionable  purity,  although  not  suflficiently 
polluted  to  warrant  its  being  condemned  at  the  present  time. 

Well  at  Mill  No.  4  is  very  much  polluted  and  should  be  abolished. 

Well  at  P's  and  S's  house  much  polluted  and  should  be  abolished. 

Well  at  Mill  No.  5  much  polluted  and  should  be  abolished. 

Well  on  Whitney  Street  is  probably  safe  to  use  for  drinking  purposes. 

Well  at  Poor  House  is  of  doubtful  purity  and  another  analysis  should  be  made 
later. 

Spring  near  railroad  track  much  polluted  and  should  be  abolished. 

From  a  further  study  of  the  cases  it  is  evident  that  the  patients  were  not  all 
exposed  to  a  common  origin,  but  that  the  later  cases  developed  by  infection  from 
those  first  having  the  disease,  and  the  conditions  existing  at  most  of  the  houses 
are  consistent  with  this  theory. 

In  view  of  these  facts  your  board  should  confer  with  the  agent  of  the  mills^ 
and  those  wells  under  their  control  and  showing  pollution  be  immediately  closed. 
The  conditions  about  the  houses  where  cases  have  occurred,  particularly  on  Joy 
Street,  should  be  immediately  remedied  by  proper  sewer  connections. 

Respectfully, 

F.  L.  Morse,  M.D., 

Medical  Inspector. 
Malden. 

During  the  year  the  city  has  enjoyed  full  immunity  from  epidemic  of  any 
and  every  character,  notwithstanding  contiguous  territory  was  less  fortu- 
nate. During  October  the  attention  of  the  board  was  called  to  an  instance 
of  infection  by  small-pox  of  a  child,  resident  of  a  neighboring  city,  but 
attending  a  private  school  within  our  borders.  The  board's  action  was  the 
prompt  closing  and  disinfection  of  the  school  and  vaccination  of  the  attend- 
ing pupils. 

At  the  suggestion  of  the  board,  the  school  committee  proceeded  to  ascer- 
tain how  many  of  the  pupils  of  our  public  schools  had  been  duly  vaccinated, 
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disclosing  the  fact  that  28  per  cent,  were  without  this  protection.  As  a 
matter  of  precaution,  free  vaccination  was  established,  and  1,331  availed 
themselves  of  this  privilege. 

To  the  physicians  of  the  city  the  board  has  freely  furnished  culture  tubes 
for  the  determining  of  diphtheria,  and  antitoxin  for  its  subsequent  treat- 
ment where  not  within  the  means  of  the  patient  to  provide  it,  and  we  ex- 
press our  gratitude  for  hearty  co-operation.  By  order  of  the  board,  it  is 
now  compulsory  in  all  cases  of  diphtheria  for  the  physician  in  charge  to 
secure  a  negative  culture  before  quarantine  restrictions  can  be  removed 
from  the  patient  and  premises. 

For  several  years  past  the  board  of  health  in  its  annual  reports  has  called 
the  attention  of  the  city  government  to  the  urgent  need  of  a  contagious  hos- 
pital. During  the  year  several  instances  have  been  brought  to  the  attention 
of  the  board  of  contagious  diseases  occurring  among  the  servants  of  fami- 
lies, boarders  in  boai'ding-houses  and  transient  visitors  to  the  city,  causing 
great  inconvenience,  suffering  and  financial  loss  to  some  of  our  citizens,^ 
where  the  prompt  removal  of  the  cases  to  a  proper  hospital  would  have 
avoided  such  loss  and  inconvenience,  at  the  same  time  diminishing  the 
chances  of  the  spread  of  the  contagion  through  the  city. 

MiLFORD. 

The  board  made  a  thorough  work  of  visiting  every  school  and  examina- 
tion of  every  scholar.  Over  one  thousand  were  vaccinated  and  the  results 
were  very  satisfactory. 

Milton. 

The  annual  tour  of  the  piggeries  was  made  in  June,  and  all  but  two  were 
found  in  excellent  condition.  Permits  were  granted  to  eight  persons  to 
keep  245  pigs.  But  a  single  complaint  was  made  against  a  piggery  during 
the  entire  year.  There  is  now  very  little  swill  carted  into  the  town  from 
Boston,  and  the  number  of  pigs  kept  here  is  diminishing  every  year. 

We  have  been  fortunate  in  escaping  severe  epidemics  of  the  preventable 
diseases,  but  the  number  of  cases  must  certainly  increase,  and  we  are  liable 
to  have  serious  trouble  in  the  more  thickly  settled  portions  of  the  town 
unless  there  is  adequate  provision  made  for  the  disposal  of  sewage.  "We 
would  also  urge  all  property  holders,  on  streets  where  sewers  have  already 
been  constructed,  to  connect  their  plumbing  with  the  sewer  as  soon  as 
possible. 

New  Bedford. 

The  death-rate  of  children  in  this  city  under  one  year  of  age  has  been 
excessive  the  past  year.  From  an  investigation  as  to  the  cause  we  are  led 
to  believe,  inasmuch  as  the  greater  percentage  of  such  deaths  have  been  in 
families  where  the  heads  are  employed  in  mills,  that  the  little  ones  are  not 
properly  nurtured.  Cow's  milk  has  been  the  principal  food  and  while  the 
board  has  succeeded  in  a  measure  in  bettering  the  condition  of  cow  stables 
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maintained  in  the  city,  yet  we  are  unable  to  reach  many  deliveries  of  the 
product  which  come  from  out  of  town. 

We  believe  that  the  inspector  of  milk  should  license  only  such  producers 
and  dealers  as  are  acceptable  to  the  board,  and  that  legislative  action 
should  be  taken  to  more  fully  control  this  food  supply. 

Last  year  in  our  annual  report  we  called  attention  to  the  need  of  a  con- 
tagious disease  hospital.  At  the  time  it  will  be  remembered  we  did  not 
urge  the  building  of  an  elaborate  structure,  but  the  occupancy  of  a  suitable 
place  for  the  isolation  of  such  cases  of  scarlet  fever  and  diphtheria  as 
cannot  be  treated  in  the  families  where  discovered.  During  the  year  just 
ended  we  had  two  emphatic  illustrations  of  the  wisdom  of  maintaining  such 
a  hospital.  In  one  case  scarlet  fever  was  discovered  in  a  family  occupying 
a  public  building  in  the  centre  of  the  city,  a  building  in  which  hundreds 
enter  every  day  of  the  year,  and  had  it  not  been  for  the  kindness  of  the 
relatives  of  the  patient,  this  building  would  of  necessity  have  been  closed 
to  the  public,  which  would  have  caused  great  inconvenience. 

The  use  of  the  culture  in  assisting  in  the  diagnosis  of  diphtheria  we  are 
pleased  to  say  increased  during  the  year,  and  is  now  very  general  through- 
out the  city,  although  a  few  physicians  decline  to  make  use  of  this  recog- 
nized method.     There  were  taken  last  year  186  cultures. 

During  the  past  year  there  have  been  513  vaccinations,  of  which  number 
101  were  revaccinations. 

Newton. 

During  the  summer  there  was  a  large  number  of  cases  of  dysentery, 
which  caused  some  alarm  in  certain  sections  of  the  city.  As  no  reports  of 
this  disease  are  required  by  the  board,  it  is  impossible  to  state  how  many 
cases  occurred,  but  the  existence  of  the  disease  was  recognized  by  the 
board  and  steps  taken  to  prevent  its  spread.  The  greater  number  of  cases 
occurred  in  the  southern  part  of  the  city,  and  in  one  locality  where  a  num- 
ber of  cases  occurred  a  very  unsatisfactory  condition  was  found.  Steps 
were  at  once  taken  to  improve  the  sanitary  condition  of  this  locality,  and 
changes  were  ordered  to  be  made  in  some  of  the  houses,  while  others, 
whose  condition  was  such  as  to  preclude  all  hope  of  improvement,  were 
ordered  vacated. 

A  new  departure  in  the  method  of  taking  cultures  for  diagnosis  in  diph- 
theria was  inaugurated  in  November,  swabs  being  substituted  for  the  wire 
loop.  This  is  a  step  looking  towards  a  more  rapid  diagnosis,  always  most 
valuable  in  cases  of  suspected  diphtheria.  By  the  use  of  swabs,  a  positive 
diagnosis  can  be  made  in  a  few  moments  after  the  culture  is  received  at  the 
laboratory.  This  is  a  gain  of  twelve  hours  over  the  old  method  in  cases 
where  the  disease  is  present.  If  the  examination  of  the  swab  proves 
negative,  it  is  necessary  to  wait  the  usual  time,  ^■.e.,  twelve  hours,  in  order 
to  make  sure  that  the  disease  is  not  present. 

The  total  number  of  cases  sent  to  the  hospital  by  order  of  the  board  was 
142,  divided  as  follows  :  diphtheria,  102  ;  scarlet  fever,  28  ;  measles,  12. 


No.  34.]  HEALTH   OF   TOWNS.  759 

During  the  epidemic  of  diphtheria  in  the  latter  part  of  the  year  the 
hospital  was  of  the  greatest  possible  value  in  combating  the  disease.  One 
hundred  and  two  cases,  or  55-|-  per  cent,  of  the  total  number  reported, 
were  removed  to  the  contagious  wards,  which  were  several  times  taxed  to 
their  fullest  capacity.  There  can  be  no  doubt  of  the  very  great  value  of 
these  wards  to  the  board  in  the  handling  of  an  outbreak  of  infectious  disease. 

The  board  believes  that  Newton  sends  a  larger  percentage  of  her  in- 
fectious cases  to  the  hospital  for  treatment  with  less  difficulty  than  any 
other  city  in  the  Commonwealth.  This  is  due  in  great  measure  to  the 
hearty  co-operation  of  the  physicians,  who  have  always  most  heartily 
seconded  the  efforts  of  the  board  in  removing  patients  to  the  hospital. 

It  was  necessary  on  several  occasions  to  use  all  of  the  apparatus  at  one 
time  for  disinfecting  a  large  school-house,  and  when  this  was  the  case,  dis- 
infection of  private  dwellings  was  unavoidably  delayed.  Should  it  be 
necessary  to  disinfect  the  school-houses  often,  the  board  would  recommend 
the  purchase  by  the  city  of  one  of  the  larger  and  more  expensive  forms  of 
generator,  which  delivers  a  large  quantity  of  gas  in  a  comparatively  short 
time.  This  could  be  kept  exclusively  for  use  in  the  schools  if  thought  best, 
and  would  allow  the  smaller  generators  to  be  used  in  private  houses.  It 
would  also  prevent  the  unavoidable  delay  which  occurred  several  times 
during  the  year.  It  is  only  fair  to  a  family  which  has  been  held  in  quaran- 
tine for  several  weeks  to  disinfect  and  discharge  them  from  quarantine  at 
the  earliest  possible  moment,  and  to  be  compelled  to  keep  them  shut  up  for 
twenty-four  hours  or  longer  after  they  could  be  released  causes  unfavorable 
comment,  and  makes  others  less  willing  to  submit  to  the  requirements  of 
the  board.  It  is  true  that  persons  must  submit  whether  they  wish  it  or  not, 
but  the  less  obnoxious  the  rules  are  made,  the  more  quietly  the  public  will 
submit  to  them,  and  they  will  soon  learn  that  the  rules  are  not  made  espe- 
cially to  discommode  them  but  for  their  own  protection  and  that  of  their 
families  and  friends.  When  the  public  once  learns  this  fact,  the  work  of 
the  board  will  be  much  easier  and  people  will  assist  it  in  its  work  instead 
of  looking  upon  it  as  an  evil,  as  is  now  too  often  the  case. 

The  low  death-rate  for  the  year  is  undoubtedly  due  in  great  measure  to 
the  prompt  use  of  antitoxin.  The  board  has  distributed  305  bottles  of 
antitoxin  to  the  physicians  of  the  city  and  to  the  hospital,  all  of  which  was 
furnished  by  the  State  Board  of  Health. 

Bacteriological  Examinations. 


Primary 
Examinations 

Secondary- 
Examinations. 

Positive,       .... 
Negative,     .... 

118 

152 

Positive,       .... 
1  Negative,     .... 

85 
127 
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The  board  has  continued  in  it8  established  policy  of  requiring  all  houses 
on  the  line  of  a  common  sewer  to  become  connected  with  it.  Its  work  in 
this  direction  has  been  more  general  than  heretofore,  and  instead  of  con- 
fining its  consideration  to  any  particular  section,  an  effort  has  been  made 
to  complete  the  work  heretofore  begun  in  various  parts  of  the  city. 

The  milk  farms  have  been  inspected  each  month  by  the  agent,  and  a 
report  of  their  condition  made  to  the  board.  An  effort  has  been  made  to 
improve  the  sanitary  condition  of  the  cow  barns  and  their  surroundings  on 
these  farms.  For  the  most  part  the  proprietors  have  been  prompt  to  carry 
out  the  orders  and  suggestions  of  the  board.  Absolute  cleanliness  has  been 
insisted  upon,  and  improved  methods  of  caring  for  the  drainage  of  the  stables 
have  been  adopted  in  several  instances  at  the  suggestion  of  the  board. 

The  report  of  Medical  Inspector  Morse  is  as  follows  :  — 

Aug.  2,  1899. 

About  ten  days  ago  information  was  received  at  this  office  that  an  unusual 
number  of  cases  of  dysentery  had  occurred  at  Newton  Centre,  and  an  inquiry  was 
made  among  the  local  doctors  in  order  to  see  if  there  was  any  common  origin. 

All  of  the  cases  seemed  to  have  occurred  in  the  three  weeks  preceding  the  re- 
port, and  as  the  cases  were  investigated  they  were  apparently  limited  to  two  lo- 
calities, viz. :  (I)  a  district  known  as  Cork  City,  and  (2)  a  limited  number  of 
cases  residing  along  the  Boulevard  in  Newton  Centre.  No  other  suburb  of  New- 
ton was  affected. 

One  physician  had  reported  15  cases  of  both  diarrhoea  and  dysentery,  mostly 
among  children,  and  in  his  opinion  the  cases  could  be  attributable  to  something 
which  had  been  eaten,  but  not  of  common  origin.  There  wei-e  no  deaths  among 
his  cases. 

A  second  physician  had  8  cases,  with  one  death,  a  child. 

A  third  had  8  cases  in  Cork  City  and  one  in  the  Boulevard  district. 

A  fourth  had  6  cases  in  the  Boulevard  district. 

A  fifth  had  13  cases,  with  3  deaths,  all  children.  Five  of  the  13  were  in  Cork 
City  and  the  I'emainder  near  the  Boulevard. 

Cork  City  is  a  district  of  Newton  Centre  in  the  rear  of  the  power  station  of  the 
street  railway  company,  comprising  a  small  number  of  houses.  Back  of  these 
houses  is  a  small  brook,  the  water  of  which  is  used  by  some  of  the  inhabitants  to 
wash  both  dishes  and  clothes.  The  conditions  about  the  houses  were  also  unsan- 
itary, and  in  view  of  the  present  number  of  cases  of  the  disease  existing  here,  the 
board  of  health  took  measures  to  have  them  improved. 

The  Boulevard  district  comprises  a  number  of  well-built  houses  occupied  by 
people  living  under  good  sanitary  conditions. 

The  specific  cause  of  these  cases  could  not  be  definitely  located,  few  or  none  of 
them  having  the  same  milk  supply,  or  in  fact  anything  in  common  which  many 
other  people  did  not  also  have.  The  ice  is  supplied  by  the  Crystal  Lake  Ice  Com- 
pany to  all  of  the  inhabitants  of  Newton  Centre,  but  the  cases  of  the  disease 
arising  were  limited  to  two  definite  districts. 

The  water  is  supplied  to  the  whole  city  of  Newton ;  and  in  regard  to  the  milk, 
although  the  Elm  Hill  farm  supplies  more  people  than  any  other  one  dealer, 
still,  all  of  those  who  were  affected  did  not  have  this  supply. 
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In  view  of  the  fact  that  a  majority  of  the  cases  occurred  among  children,  and 
of  the  fatal  cases  all  of  them  were  children,  it  is  reasonable  to  infer  that  possibly 
these  cases  were  cholera  infantum  of  a  severe  type,  while  among  the  adults  some 
predisposing  cause  existed  which  was  aggravated  by  some  Injudicious  article  of 

diet. 

F.  L.  MOESE,  M.D., 

Medical  Inspector. 
North  Adams, 

All  the  bakeries  in  the  city  have  been  inspected,  and  a  continued  im- 
provement in  regard  to  sanitary  condition  has  been  insisted  on  and  effected. 
The  same  report  will  apply  to  meat  and  fish  markets.  ^' 

All  the  stables  in  the  city  in  which  more  than  four  horses  are  kept  have 
been  inspected  and,  so  far  as  practicable,  the  changes  and  improvements 
required  by  the  stable  ordinance  have  been  effected. 

The  stables  of  all  dealers  selling  milk  or  milk  products  in  the  city  have 
been  inspected,  as  required  by  the  milk  ordinance.  The  dealers  have  prac- 
tically complied  with  the  requirements  of  the  same,  and  the  board  believes 
this  has  materially  reduced  infantile  diseases  and  disorders.  There  were 
76  stables  inspected  and  the  reports  and  orders  for  changes  and  improve- 
ments filed  with  the  city  clerk,  as  required  by  the  ordinance. 

Northampton. 

The  number  of  cases  of  infectious  disease  has  been  less  than  the  average, 
and  the  deaths  resulting  therefrom  have  been  few.  An  epidemic  of  typhoid 
fever  occurred  at  the  Northampton  Insane  Hospital,  beginning  early  in 
September  and  continuing  into  November.  In  all  there  were  reported 
from  the  hospital  63  cases,  and  the  number  of  deaths  resulting  from  the 
epidemic,  including  those  who  died  after  being  removed  to  their  homes  or 
elsewhere,  was  5.  The  cause  of  the  outbreak  was  thought  to  be  celery 
from  a  bed  that  may  have  been  fertilized  with  compost  containing  the  germs 
of  the  disease. 

The  report  of  Medical  Inspector  Morse  follows  :  — 

October,  1899. 

On  Sept.  27,  1899, 1  received  information  of  the  presence  of  an  epidemic  of 
typhoid  fever  at  the  Northampton  Insane  Hospital,  and  at  once  commenced  an 
investigation  as  to  the  origin  of  the  disease. 

Previous  to  September  10  of  this  year  there  had  been  only  two  characteristic 
cases  of  typhoid  fever  and  2  other  suspicious  ones  at  the  hospital  in  the  past  ten 
years.  On  Feb.  3,  1889,  a  suspicious  case  appeared  (a  definite  diagnosis  of  the 
disease  was  never  made)  and  no  further  results  occurred  from  the  sickness. 
During  October,  1898,  one  of  the  assistant  physicians  at  the  hospital,  a  few  days 
after  returning  from  his  vacation  began  to  have  the  prodromal  symptoms  of  the 
disease.  They  were  not  thought  of  in  their  true  light,  however,  and  his  dejec- 
tions went  undisinfected  into  the  sewage  and  continued  to  do  so  dui'ing  the  larger 
part  of  his  illness. 
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The'next  case,  a  suspicious  one,  appeared  in  March,  1899.  A  positive  diagnosis 
was  never  made  and  the  dejections  went  untreated  into  the  sewage.  The  fourth 
case  was  another  assistant  physician,  who  was  taken  ill  on  April  1,  and  pi'obably 
received  his  infection  by  working  over  culture  tubes  upon  which  the  typhoid 
bacilli  were  being  cultivated.  His  sickness  was  recognized  early  and  he  was 
removed  to  the  city  hospital  for  treatment,  where  he  remained  during  the  rest  of 
his  illness. 

The  sewerage  system  deserves  special  mention,  for  it  was  probably  by  this 
means  that  the  disease  was  developed.  The  sewage  for  the  whole  hospital  is 
conveyed  through  a  large  iron  pipe  several  hundred  yards  from  the  hospital  and 
deposited  upon  one  of  two  filter-beds  which  are  side  by  side.  While  one  is  being 
used  the  other  is  drained  and  subsequently  cleaned.  The  sewage  last  fall  and 
winter  went  on  to  bed  which  may  be  called  No.  1,  and  consequently  contained 
the  dischai'ges  of  one,  and  perhaps  two,  typhoid  fever  patients  in  an  undisinfected 
condition.  The  liquid  portion  of  the  sewage  drains  off  into  an  adjoining  brook 
and  subsequently  into  Mill  River,  while  the  solid  part  remains  upon  the  filter-bed 
itself.  During  the  latter  ]3art  of  the  winter  the  current  of  sewage  was  turned 
from  bed  No.  1  to  bed  No.  2,  and  the  former  bed  allowed  to  drain  off  entirely. 
Still  later  the  bed  was  scraped  and  the  contents  spread  upon  the  adjoining  grass 
ground  and  the  celery  bed. 

About  September  10  the  cases  commenced  to  appear  to  an  alarming  degree,  and 
in  five  days  15  cases  had  been  reported.  During  the  following  five  days  10  cases 
appeared,  in  the  next  five  days  14  cases,  and  in  the  next  five  days  12  cases.  By 
this  time,  suspicion  having  become  attached  to  the  celery  as  the  cause  of  the  dis- 
ease, orders  were  issued  to  prevent  its  further  use,  and  some  wliich  had  already 
been  gathered  was  locked  up  in  the  store-house.  Synchronously  with  the  stop- 
ping of  the  use  of  the  celery  the  cases  diminished  in  number,  and  during  the  first 
ten  daj^s  of  October  only  4  cases  were  reported. 

A  systematic  study  was  made  of  all  of  the  cases  and  it  was  found  that  patients, 
nurses,  farm  help  and  kitchen  help  were  affected  with  the  disease,  but  in  regard 
to  the  patients  all  (with  but  four  exceptions)  were  of  a  certain  definite  class.  In 
explanation  of  this  statement  it  should  be  said  that  in  this  hospital,  as  is  custom- 
ary with  many  others,  two  classes  of  patients  are  received,  paying  and  non-paying. 
In  the  main,  all  I'eceive  much  the  same  class  of  food  and  treatment,  but  in  addition 
the  paying  class  receive  certain  articles  of  food  which,  although  not  necessary 
for  their  subsistence,  are  supplied  to  them  rather  as  extra  articles  of  diet.  All 
patients  throughout  the  hospital  have  the  same  milk,  water,  etc.,  and  their  food 
is  all  handled  by  the  same  help  in  the  kitchen,  and  necessarily  what  would  infect 
the  paying  class  of  patients  would  also  infect  the  non-paying  class ;  but  when 
the  cases  were  more  carefully  analyzed  it  was  found  that  the  paying  class,  to- 
gether with  the  help,  were  aff'ected  with  the  disease,  and,  with  but  the  four  excep- 
tions mentioned  above,  no  cases  had  appeared  among  the  non-paying  class  (who, 
however,  exceeded  twice  in  numbers  the  former  class),  so  necessarily  the  ques- 
tion resolved  itself  into  what  article  of  food  had  the  paying  class  used  which 
could  cause  the  development  of  this  unusual  number  of  cases. 

The  different  articles  of  food  constituting  the  extra  articles  of  diet  were,  for 
the  most  part,  fruits  and  vegetables  raised  on  the  farm,  but  either  from  the  time 
that  they  were  used  or  from  the  manner  in  which  they  were  prepared  all  were 
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eliminated  as  to  their  being  a  factor  in  the  cause  of  the  disease  with  but  one 
exception.  This  exception  was  the  celery,  and  from  further  developments  it  was 
finally  decided  upon  as  the  cause  of  the  disease. 

It  will  be  remembered  that  when  the  filter-bed  No.  1  was  cleaned  last  winter 
it  was  stated  that  the  solid  portions  were  taken  to  fertilize  the  grass  ground  and 
celery  bed,  and  that  these  solid  portions  did  contain  the  undisinfected  stools  of  a 
typhoid  fever  patient.  On  account  of  the  method  used  in  cultivating  celery  by 
banking  the  stalk  of  the  plant  with  earth,  it  appears  to  be  a  very  favorable 
medium  for  the  transmission  of  the  disease,  particularly  if  it  is  not  most  carefully 
cleaned.  The  use  of  celery  on  the  table  was  commenced  during  the  month  of 
August,  and  particularly  in  the  latter  part  of  the  month  was  quite  a  common 
article  of  diet  among  the  paying  class  of  patients,  and  it  was  also  served  to  the 
nurses  and  farm  help,  and  consequently  was  accessible  to  the  kitchen  help  who 
prepared  it. 

At  this  hospital  some  of  the  non-paying  patients  are  employed  about  the  build- 
ing in  the  serving-room,  dining-room,  etc.,  and  these  patients  had  access  to  the 
celery  and  are  consequently  included  among  the  other  class. 

Of  the  four  exceptions  noted  above,  all  were  taken  ill  on  the  27th  of  September 
and  had  been  attended  by  nurses  who  were  ill  with  the  disease,  thus  probably  re- 
ceiving the  disease  directly  from  them.  It  is  a  significant  fact,  and  perhaps 
somewhat  of  a  confirmatory  nature,  that  one  of  the  farm  hands,  probably  not 
realizing  the  danger  of  using  the  celery  even  after  instructions  had  been  issued 
to  that  eff'ect,  did  eat  some  and  in  eight  days  was  taken  ill  with  the  disease. 

The  water  at  the  hospital  is  for  the  most  part  obtained  from  a  spring  situated 
on  the  farm.  It  is  pumped  continuously  to  a  tank  in  the  top  of  the  building  and 
thence  distributed  over  the  hospital.  At  times  during  the  day  when  the  con- 
sumption is  large  the  supply  from  the  spring  is  not  suificient  and  then  it  is  sup- 
plemented by  the  city  supply,  but  only  to  such  an  extent  as  to  make  up  the 
deficiency.  The  examination  of  the  spring  water  shows  evidence  of  pollution 
and,  together  with  the  sewage  disposal,  is  being  considered  at  the  present  time. 

F.  L.  Morse,  M.D., 

Medical  Insj^ector. 

NORTHFIELD. 

The  report  of  Medical  Inspector  Morse  is  as  follows  upon  a  limited 
epidemic  of  typhoid  fever  at  Northfield  :  — 

October,  1899. 

In  the  latter  part  of  September,  1899, 1  received  information  in  regard  to  sev- 
eral cases  of  typhoid  fever  at  Northfield,  supposed  to  be  in  some  way  connected 
with  the  water  supplied  to  the  seminary  in  that  town,  and  on  September  29  I  com- 
menced an  investigation  of  the  cases.  On  my  arrival  there  I  found  that  5  cases 
existed.  The  first  one,  a  girl  of  nineteen  years  of  age,  was  taken  ill  on  August 
10.  She  had  attended  school  here  during  the  preceding  year,  and  during  the  lat- 
ter part  of  June  and  the  first  of  July  went  away  to  Mount  Hermon  for  two 
weeks'  vacation.  After  returning,  she  had  not  been  out  of  the  village  at  any 
time,  and  was  employed  at  the  school  in  doing  work  about  the  buildings.  Just 
in  what  way  she  received  her  infection  it  is  impossible  to  say,  hers  being  the  only 
case  which  has  developed  on  the  seminary  grounds. 
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On  September  8,  A.  B.,  a  boy  five  years  of  age  and  living  on  the  opposite  side 
of  the  street  from  the  grounds,  was  taken  ill.  The  house  was  rather  old-fash- 
ioned in  appearance,  the  well  supplying  the  house  with  water  being  directly 
under  the  sink  and  kitchen  floor.  The  sink  water  was  carried  by  means  of  an 
earthen  pipe  a  distance  of  about  ten  feet  from  the  well  and  then  allowed  to  soak 
into  the  ground.  A  sample  of  water  was  taken  from  the  well  and  showed  much 
pollution.  A  few  days  previous  to  the  boy's  illness,  however,  on  account  of  the 
unpleasant  odor  and  taste  of  the  water  it  was  discontinued,  and  water  was  ob- 
tained from  the  house  on  the  other  side  of  the  street,  which  was  furnished  with 
the  seminary  supply.  The  drain  pipe  in  the  meantime  had  been  dug  up,  and  on 
examination  was  found  to  be  filled  nearly  entirely  with  grease,  accumulating  for 
years  from  the  sink-drain  water. 

On  September  10,  two  days  later,  and  on  September  15,  2  other  cases  developed 
in  the  house  adjoining.  These  2  cases  were  children  thirteen  and  nine  years  old, 
respectively,  who  had  been  down  to  Mr.  B.'s  house  repeatedly,  drank  of  the  water 
of  the  polluted  well  and  played  with  his  boy.  The  well  supplying  their  house 
with  water  was  located  under  the  piazza,  and  a  sample  taken  showed  evidence  of 
pollution,  but  to  a  less  degree  than  the  first  well. 

On  September  21,  the  fifth  case  appeared,  and  was  a  younger  child  of  the  sec- 
ond family.  This  child  was  known  to  have  used  the  same  chamber  vessel  as  his 
older  sister,  and  probably  received  the  infection  directly  from  her. 

On  account  of  the  fact  that  one  of  the  cases  (the  first  one)  had  appeared  on  the 
seminary  grounds,  and  that  Mr.  B.  had  used  seminary  water  for  a  few  days  pre- 
ceding his  boy's  illness,  a  visit  was  made  to  their  water  supply  and  the  following 
conditions  found :  — 

The  original  supply  is  obtained  from  a  natural  spring  about  one-quarter  of  a 
mile  from  the  grounds  on  a  small  knoll.  At  times  the  quantity  of  water  from 
this  spring  alone  is  suflficient  for  the  needs  of  the  seminary,  but  about  five  years 
ago,  during  a  dry  summer  and  at  a  time  when  a  large  number  of  people  were  at 
the  grounds,  it  became  insufficient  and  was  supplemented  by  the  water  from  a 
near-by  brook.  In  about  two  weeks  nearly  30  cases  of  typhoid  fever  developed 
among  the  users  of  the  water,  and  on  further  investigation  the  brook  was  found 
to  have  been  polluted  higher  up  in  its  course  by  a  patient  probably  having 
typhoid  fever.  It  still  being  necessary  to  have  an  additional  supply,  two  dams 
were  constructed  on  the  course  of  the  brook  for  the  purpose  of  settling  the 
water,  and  before  it  was  mixed  with  the  natural  spring  water  it  passed,  not  inter- 
mittently, however,  through  about  five  feet  of  sand  and  gravel  and  collected  in 
a  small  reservoir  from  which  it  was  subsequently  mixed  with  the  natural  spring 
water.  Samples  of  water  were  taken  from  the  spring  and  also  from  the  reservoir 
containing  the  filtered  water.  The  former  showed  a  water  of  good  quality ;  the 
latter  showed  some  pollution.  The  manager  of  the  school  was  notified  of  these 
facts,  and  the  water  supply  is  being  further  investigated  at  the  present  time. 

Although  these  facts  in  regard  to  the  seminary  supply  exist,  I  do  not  think  the 
water  was  the  cause  of  the  disease,  but  rather  that  it  was  produced  by  drinking 
water  from  a  polluted  well  at  Mr.  B.'s. 

F.  L.  Morse,  M.D., 

Medical  Inspector. 
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Plymouth. 

As  the  present  board  of  health  entered  upon  its  duties  without  a  single 
member  who  had  previously  served  the  town  in  that  capacity  it  was  some- 
what hampered  at  first,  but  a  working  knowledge  of  methods  and  its  own 
powers  came  with  experience. 

As  is  customary,  the  rules  and  regulations  adopted  by  the  board  were 
published  in  the  local  newspapers  and  posted  in  a  number  of  places  in  town. 

During  the  year  there  have  been  thirty-two  complaints  of  nuisances  made, 
and  nearly  all  of  them  have  been  personally  investigated  by  members  of 
the  board.  In  some  of  the  cases,  as  the  conditions  complained  of  did  not 
menace  the  public  health  in  any  way,  no  action  was  taken.  In  fifteen  cases 
owners  were  ordered  to  connect  their  houses  with  the  sewer,  and  all  of  them 
complied.  Among  the  more  serious  complaints  was  that  of  a  house  on  the 
Sandwich  road,  owned  by  the  Plymouth  Woolen  and  Cotton  Company. 
The  place  was  deemed  unfit  for  habitation  and  ordered  vacated.  The 
house  has  been  torn  down.  Complaint  was  made  that  the  water  of  Brewster 
Spring  was  unfit  for  drinking  purposes.  The  State  Board  of  Health  was 
requested  to  investigate  and  report  on  the  matter.  One  of  its  engineers 
visited  the  spring,  and  as  a  result  of  his  investigation  the  State  Board 
sent  a  letter  of  advice,  dated  July  7,  1899.  (A  copy  of  this  letter  may  be 
found  on  page  37.) 

The  board  needs  better  accommodations.  Besides  a  place  where  its 
books  and  papers  may  be  kept  and  its  business  transacted,  there  should  be 
facilities  for  making  simple  tests  of  water  or  other  matter  which  may  be 
under  suspicion. 

Complaints  are  frequently  made  which  involve  a  question  as  to  whether 
water  appearing  upon  certain  premises  is  derived  from  springs  or  from  a 
cesspool,  privy,  sewer  or  other  unwholesome  source.  A  few  laboratory 
conveniences  would  place  the  board  in  a  position  to  decide  the  matter 
quickly  and  scientifically,  without  delay  or  expense.  Perhaps  the  greatest 
present  need  of  the  board  is  the  hearty  co-operation  and  support  of  the 
community.  Although  invested  with  certain  power  and  authority,  its  suc- 
cess depends  upon  the  willingness  of  the  people  of  the  community  both  to 
report  unwholesome  conditions  and  to  act  promptly  and  conscientiously 
when  notified. 

QUINCY. 

It  is  the  opinion  of  the  board  and  those  members  of  the  school  committee 
with  whom  we  have  talked  that  some  provision  should  hereafter  be  made  so 
that  a  system  of  medical  supervision  of  the  school  children  could  be  carried 
out  more  extensively  in  the  future  than  has  been  done  in  the  past.  Parents 
do  not  exercise  suflflcient  care  in  keeping  their  children  out  of  school  when 
they  show  any  symptoms  of  a  contagious  or  infectious  disease  that  is  preva- 
lent in  their  neighborhood. 
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Revere. 

The  number  of  infectious  diseases  reported  shows  a  marked  increase  over 
last  year.  The  cases  fortunately  have  been  scattered,  and  no  connection 
was  apparent  between  any  two  households  affected,  showing  the  usefulness 
of  thorough  disinfection. 

A  severe  epidemic  of  small-pox  visited  Chelsea  during  the  year,  and  we 
entertained  grave  fears  for  Revere,  which  led  us  to  offer  free  vaccination, 
which  was  availed  of  by  between  seven  and  eight  hundred  persons. 

Salem. 

About  864J  cords  of  swill  have  been  collected.  This  is  an  increase  of 
285^  loads  more  than  last  year. 

There  have  been  11,534  loads  of  ashes  and  rubbish  collected,  an  increase 
of  1,623  more  than  last  year. 

Inspection  of  milk  is  becoming  more  important  each  year,  and  some 
measures  should  be  taken  not  only  to  have  more  than  a  perfunctory  in- 
spection, as  exists  at  present,  but  the  sources  of  supply  should  be  known 
and  carefully  watched.  The  office  of  inspector  of  milk  should  be  under 
the  supervision  of  this  board,  conducted  in  an  up-to-date  manner,  and 
rigidly  enforced.  This  matter  is  of  great  importance,  and  will  well  repay 
the  city  to  consider  a  change  from  present  methods. 

Shirley. 

The  report  of  the  medical  inspector  is  as  follows  :  — 

Dec.  29,  1899. 

On  December  6  a  letter  was  received  from  the  chairman  of  selectmen  of  Shirley 
containing  the  information  that  a  large  number  of  cases  of  scarlet  fever  and  a  few 
of  diphtheria  existed  in  that  town,  and  as  complaints  had  been  made  to  that  board 
about  the  river  which  flows  through  that  village  being  the  cause  of  the  disease,  he 
desired  an  investigation  made. 

I  accordingly  went  to  Shirley  the  following  day  and  found  that  since  the  3d 
of  September  19  cases  of  scarlet  fever  had  appeared,  with  one  death,  and  since 
November  8  6  cases  of  diphtheria,  with  one  death.  The  cases  were  plotted  upon 
a  map  of  the  town,  and  visits  were  made  for  the  purpose  of  carrying  on  the  study 
of  the  cases. 

The  first  case  of  scarlet  fever  appeared  on  September  3,  in  a  girl  six  years 
of  age,  living  about  one-half  mile  fx'om  the  middle  of  the  village.  She  with  her 
mother  and  another  child  had  been  to  Hollis,  N.  H.,  during  the  last  part  of  August 
on  a  visit,  and  returning  she  was  taken  ill  with  the  disease  in  eight  days.  Two 
other  children  in  the  same  family  attended  the  primary  school  and  one  other  the 
intermediate,  both  of  which  schools  commenced  at  the  time  of  her  illness. 

The  next  cases  appeared  fourteen  days  later,  in  two  children,  both  of  whom 
attended  the  primary  school  and  probably  received  their  infection  from  the  sister 
of  the  first  case  attending  the  same  school.     On  the  29th  of  September  3  more 
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cases  appeared,  2  among  children  attending  school  and  all  living  in  the  centre  of 
the  village.  The  selectmen  conferred  with  the  school  committee  at  this  time  and 
all  schools  were  closed  temporarily  to  prevent  the  spread  of  the  disease.  Whether 
this  measure  really  did  or  did  not  prevent  any  further  cases  it  is  impossible  to 
say,  but  it  is  a  fact  that  for  over  three  weeks  there  were  no  new  cases. 

On  October  22  a  boy  nine  years  of  age  and  attending  the  intermediate  school 
was  taken  ill,  and  up  to  November  12  11  other  cases  developed  in  succession, 
some  of  them  appearing  in  the  same  families  where  previous  cases  had  existed. 
Since  that  date  only  2  new  cases  have  been  reported. 

The  first  case  of  diphtheria  was  reported  on  November  8,  in  a  man  sixty  years 
of  age,  working  in  the  cordage  mill.  The  same  day  a  boy  twelve  years  of  age, 
and  living  directly  across  the  street,  was  taken  ill.  Where  they  received  their 
infection  it  is  impossible  to  state,  for  neither  had  been  away  from  the  village  for 
some  time.  Of  the  4  remaining  cases,  2  attended  the  same  school  as  the  boy  just  re- 
ferred to  and  the  other  2  were  infants  living  in  the  same  neighboi'hood,  and  only  a 
short  distance  from  the  infected  houses.    The  last  case  appeared  on  December  1. 

Complaint  having  been  made  to  the  board  of  selectmen  that  the  river  was  in 
some  way  connected  with  the  development  of  the  disease  the  existing  surround- 
ings were  investigated.  The  river  has  its  source  in  the  Shirley  reservoir,  about 
three  miles  above  the  village.  It  flows  down  to  the  village,  where  it  is  dammed, 
to  supply  a  cotton  mill  with  power.  This  mill  employs  14  hands  and  no  disease 
of  an  infectious  nature  had  appeared  among  them.  In  the  process  of  manufact- 
ure in  this  mill  the  cotton  and  wool  are  separated  by  a  chemical  process,  the 
wool  being  saved  and  the  cotton  reduced  to  a  fine  brown  powder.  During  the 
first  part  of  the  month  of  October  this  cotton  refuse  was  put  into  the  raceway 
and  allowed  to  go  into  the  next  mill-pond,  where  it  eventually  blocked  the  screen 
of  the  raceway  supplying  the  next  mill.  The  owner  objected  and  since  then  it 
has  been  discontinued.  The  privy  of  this  cotton  mill  is  on  the  edge  of  the  stream, 
the  contents  passing  into  it  unmodified.  The  next  mill-pond  supplies  a  saw-mill 
with  power.  On  the  bank  of  this  pond  is  situated  the  Edgarton  suspender  fac- 
tory, employing  about  45  people.  There  is  little  I'efuse  from  manufactui'ing, 
but  the  contents  of  the  watei'-closets  all  over  the  factory  are  poured  unmodified 
into  this  pond.  At  times  the  odor  is  considerable  and  has  been  objected  to,  but 
nothing  has  ever  been  done  to  restrict  the  nuisance.  After  supplying  the  saw- 
mill with  power,  the  water  continues  in  a  natural  channel  through  an  old  mill- 
pond,  which  was  formerly  used  before  its  factory  was  burned.  Some  complaint 
had  been  made  last  summer  on  account  of  the  odors  arising  from  the  bottom  of 
the  pond,  but  at  the  present  time  nothing  objectionable  could  be  seen  or  smelled. 
Still  lower  down  are  two  more  ponds,  supplying  the  Sampson  cordage  works, 
employing  150  people  with  power.  Nothing  objectionable  was  present  about 
these  works  although  during  the  summer  time  it  was  stated  that  considerable 
odor  was  present  on  account  of  the  low  water.  This  river  eventually  flows  into 
the  Nashua  River. 

As  far  as  could  be  seen  the  condition  of  this  stream  was  in  no  way  the  cause  of 
the  diseases  present,  although  it  may  have  influenced  their  development. 

As  a  case  of  typhoid  fever  existed  in  the  town,  a  visit  was  made  to  the  hotel 
where  it  existed  and  the  sanitary  surroundings  noted.  The  hotel  accommodated 
about  50  people,  most  of  whom  were  boarders  who  worked  in  the  mills.  As 
there  is  no  public  water  supply,  a  driven  well  is  used  for  sanitary  and  domestic 
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purposes,  but  on  account  of  the  dry  summer  no  water  has  been  available  from 
this  well  since  last  August.  As  a  result,  it  has  been  necessary  to  carry  water 
from  an  adjoining  house  to  the  second  and  third  floors  of  the  hotel,  where  the 
water-closets  are  located,  and  the  bowls  are  flushed  by  pouring  the  water  from 
the  pails  into  them.  This  practice  has  certainly  been  very  unsuccessful,  for  the 
traps  have  been  repeatedly  clogged  and  the  contents  of  the  closets  have  leaked 
through  to  the  ceiling  underneath.  When  the  closets  are  working  satisfactorily 
the  contents  are  cai'ried  by  sewer  pipes  out  of  the  hotel  to  a  large  brick  cesspool 
cemented  on  the  inside.  The  liquid  part  of  the  sewage  overflows  through  another 
pipe  a  distance  of  about  fifty  feet  and  leaches  into  the  ground.  The  solid  parts 
remaining  in  the  cesspool  are  removed  twice  a  year  and  sold  to  the  farmers  for 
fertilizing  purposes.  On  account  of  this  arrangement,  the  local  board  of  health 
were  advised  to  inform  the  owner  of  the  hotel  that  on  account  of  the  danger  of 
using  this  sewage  for  fertilizing  purposes  this  pi'actice  would  not  be  allowed,  and 
such  a  notice  was  accordingly  sent  to  him. 

Conclusions.  —  The  19  cases  of  scarlet  fever  and  6  cases  of  diphtheria  were  not 
caused  by  the  sanitary  condition  of  the  river  flowing  through  the  town  of  Shirley 
but  were  caused  by  the  introduction  of  a  case  from  an  adjoining  town,  which  sub- 
sequently spread  itself  by  direct  infection,  the  schools  being  the  probable  medium. 

The  sanitary  conditions  of  the  river  and  those  existing  at  the  hotel  ai-e  very 
objectionable,  but  this  matter  is  one  which  should  be  remedied  by  the  local  board 
of  health,  which  has  power  to  abate  such  nuisances. 

F.  L.  Morse,  M.D., 

Medical  Inspector. 

SOMERVILLE. 

Number  of  nuisances  abated, 925 

Number  of  nuisances  referred  to  board  of  1900,      .        .        .        .112 

Number  of  nuisances  complained  of, 1,037 

Number  of  complaints  (many  covering  more  than  one  nuisance),  .      569 

Number  of  notices  mailed, 568 

Number  of  notices  served  by  constables, 2 

In  addition  to  the  above,  175  dead  animals  have  been  removed  from  the 
public  streets,  and  many  nuisances  have  been  abated  on  verbal  notice  from 
the  agent,  without  action  by  the  board,  of  which  no  record  has  been  made. 
Each  spring  the  whole  city  is  examined,  and  cellars,  yards  and  alleyways 
where  rubbish  and  filth  have  collected  are  required  to  be  cleaned. 

This  board  has  adjudged  that  the  diseases  known  as  small-pox,  scarlet 
fever,  diphtheria,  membranous  croup,  typhus  fever,  typhoid  fever  and 
cholera  are  infectious  or  contagious,  and  dangerous  to  the  public  health 
and  safety  within  the  meaning  of  the  statutes.  Physicians  are  required  to 
report  immediately  to  the  board  every  case  of  either  of  these  diseases  and 
all  cases  of  measles  coming  under  their  care,  and  postal  cards  conveniently 
printed  and  addressed  are  supplied  to  them  for  the  purpose.  On  receipt 
of  a  card  from  a  physician,  the  superintendent  of  schools,  the  principal  of 
the  school  in  the  district  in  which  the  patient  resides,  and  the  librarian  of 
the  public  library  are  notified. 
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Springfield. 

On  the  13th  of  July  3  cases  of  typhoid  fever  were  reported  to  the  city 
physician,  and  he  found  that  the  three  families  reported  had  a  common 
milk  supply.  Upon  investigation  it  was  learned  that  a  privy  vault  had 
been  cleaned  out  on  the  30th  day  of  June  upon  one  of  the  farms  supplying 
milk  to  these  families,  and  that  the  work  was  done  by  one  of  the  men  hav- 
ing care  of  the  cows.  Within  a  few  days  following  the  13th  of  July  more 
cases  developed  on  the  suspected  milk  supply,  so  there  were  in  all  some  22 
cases,  of  which  2  proved  fatal. 

Advice  was  given  to  the  milk  peddlers  and  farmers  regarding  the  care  of 
milk,  and  no  other  infection  took  place.  It  is  probable  in  this  case  only 
one  day's  supply  was  infected. 

A  system  of  daily  medical  inspection  of  the  public  schools  would  exclude 
from  our  school-rooms  some  mild  cases  of  diphtheria  and  scarlatina,  for  not 
infrequently  persons  so  infected  are  able  to  attend  school  during  the  entire 
period  of  infection,  the  disease  not  being  recognized. 

The  fact  that  the  bacilli  of  diphtheria  remain  in  the  throat  of  an  infected 
person  long  after  the  symptoms  of  disease  have  disappeared  is  evidence 
that  convalescents  may  be  more  dangerous  to  the  community  than  those 
suffering  from  the  invasion  of  diphtheria.  It  has  been  the  duty  of  our 
bacteriologist  to  determine  the  time  when  convalescents  from  diphtheria 
were  no  longer  capable  of  transmitting  the  disease. 

Isolation  Hospital.  — This  hospital,  which  provides  for  the  reception  and 
care  of  persons  suffering  from  infectious  diseases,  was  opened  for  use  April 
4,  since  which  time  47  persons  have  been  admitted.  Of  these,  38  had 
diphtheria,  2  scarlet  fever,  5  erysipelas  and  2  were  not  ill. 

The  hospital  was  built  to  accommodate  24  patients  and  will  be  ample  for 
our  purpose  for  some  time  to  come.  The  hospital  is  valuable  for  the  treat- 
ment of  those  taken  ill  in  boarding-houses  or  hotels,  and  for  the  care  of 
certain  families  who  cannot  provide  for  themselves  proper  care  at  home. 

Stoneham. 
The  report  of  the  medical  inspector  upon  the  prevalence  of  typhoid  fever 
in  Stoneham  is  as  follows  :  — 

Oct.  27,  1899. 

On  August  24  I  received  a  communication  from  the  town  clerk  of  Stoneham 
informing  me  of  the  pi-esence  of  an  unusually  large  number  of  cases  of  typhoid 
fever  in  that  town,  with  the  request  for  an  investigation.  It  was  further  stated 
that  the  public  water  supply  was  considered  the  cause  of  the  disease,  and  it  was 
also  requested  that  samples  of  the  public  supply  be  taken  and  analyzed. 

I  immediately  went  to  Stoneham  and  from  the  cases  reported  to  the  local  board 
of  health,  supplemented  by  others  obtained  by  interviews  with  the  doctors,  such 
cases  not  having  been  reported,  however,  I  was  able  to  find  a  total  of  25  cases  of 
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the  disease.  I  then  commenced  a  house-to-house  canvass  of  the  eases,  with  the 
result  of  finding  20  of  the  25  obtaining  milk,  without  any  doubt,  from  one  and  the 
same  milkman,  at  the  same  time  also  making  other  inquiries  as  to  other  possible 
sources  of  infection. 

The  histories  of  the  exceptional  5  cases  are  as  follows :  — 

Cases  7  and  13  are  two  children,  aged  respectively  9  and  11,  who  were  taken 
ill  on  "the  9th  and  12th  of  August,  which  were  dates  corresponding  exactly  to 
dates  consistent  with  the  other  20  cases  which  could  be  traced  to  the  milk.  These 
children  lived  on  the  same  street,  had  not  been  out  of  town  during  the  whole 
summer,  derived  their  milk  from  the  same  milkman,  and  used  the  same  public 
water  supjily.  Should  the  supply  of  milk  at  either  house  run  short,  however,  dif- 
ferent stores  were  visited  for  an  additional  supply,  but  none  of  the  milk  dealers 
supplying  these  two  families  had  access  to  the  milk  supplied  by  the  first  dealer 
mentioned,  i.e.,  the  one  on  whose  I'oute  the  other  20  cases  developed.  It  is  fair 
to  suppose,  however,  both  on  account  of  the  fact  that  the  cases  developed  in  the 
midst  of  an  epidemic  and  also  because  ihey  were  children  playing  at  other  chil- 
dren's houses,  which  were  supplied  by  the  suspected  milkman,  that  in  one  way  or 
another  they  drank  some  of  his  infected  milk. 

The  third  case  (case  No.  12)  was  that  of  a  female,  twenty-six  years  of  age,  who 
was  also  taken  ill  on  August  12.  No  direct  connection  can  be  established  in  her 
case  as  to  her  having  access  to  the  infected  milk,  and,  in  addition,  we  have  the 
history  of  her  being  away  on  a  vacation  to  Maine  and  retui'ning  on  July  19.  She 
then  began  to  feel  poorly  about  July  29,  ten  days  after  her  return,  but  was  not  ill 
enough  to  go  to  bed  until  August  12.  Whether  she  returned  ill  with  the  disease 
or  at  some  time  unknowingly  drank  some  infected  milk  it  is  impossible  to  state. 

The  remaining  2  cases,  Nos.  11  and  16,  are  sisters  who  were  taken  ill  on  August 
11  and  14.  Both  were  out  of  town  in  June  and  did  not  return  until  July  10  from 
New  Hampshire.  On  June  23  they  both  were  known  to  have  drunk  polluted 
well  water  from  which  3  other  cases  of  typhoid  fever  are  supposed  to  have  de- 
veloped. They  did  not  knowingly  have  access  to  the  infected  milk,  and  the 
mother  in  addition  states  that  all  milk  is  scalded  before  being  used.  In  view  of 
the  fact  that  they  were  feeling  poorly  for  three  or  four  weeks  previous  to  the 
time  they  were  taken  ill,  they  may  possibly  be  considered  as  having  received 
their  infection  from  the  polluted  well.  But,  on  the  other  hand,  the  date  on  which 
they  went  to  bed  corresponds  to  the  date  of  the  epidemic,  and  the  possibility  also 
exists  of  them  receiving  their  infection  b}^  the  milk  in  some  unknown  way. 

Of  the  20  cases  remaining,  all  having  milk  from  the  same  man,  8  appeared  in 
a  large  boarding-house.  It  was  at  this  house  that  particular  complaint  was  made 
concerning  the  public  water  supply,  it  being  alleged  that  it  was  foul  tasting  and 
smelling.  Accordingly  a  sample  of  water  was  taken  here  and  another  one  from 
a  building  in  the  centre  of  the  town.  Thei'e  was  practically  no  difference  in  the 
analyses  nor  was  any  expected.  Both  showed  microscopically  the  presence  of 
vegetable  organisms  which  probably  caused  the  unpleasant  features  noted  above. 

The  12  remaining  cases  dated  over  a  period  extending  from  the  17th  of  July  to 
the  21st  of  August.  A  visit  was  next  made  to  the  milk  farm  of  Mr.  X.,  which 
was  located  about  one  mile  out  from  the  centre  of  the  town.  He  obtains  his  milk 
from  four  different  farms  besides  his  own,  selling  altogether  about  eighty-five 
cans  daily.    No  history  of  any  illness  Avhatever  appeared  at  any  of  the  farms 
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with  but  one  exception,  which  will  be  mentioned  later.  The  milk  is  collected 
twice  dailj'  and  also  distributed  twice,  but  the  afternoon  delivery  is  much  smaller 
than  the  morning  one.  Two  wagons  are  used  over  two  different  routes,  supply- 
ing two  different  localities  in  the  town.  With  but  two  exceptions  all  of  the  cases 
appeared  on  the  route  which  was  supplied  by  the  team  driven  by  Mr.  X.  himself. 
The  other  team  was  driven  by  a  man  who  had  worked  at  the  farm  for  the  past 
three  years,  during  which  time  he  had  never  lost  a  day's  work  on  account  of  sick- 
ness until  August  17.  On  that  day,  having  been  feeling  poorly  for  three  days 
previous,  he  gave  up  work  and  went  to  bed,  where  he  remained  until  the  27th.. 
He  was  attended  by  a  physician  who  pronounced  the  disease  appendicitis.  An 
examination  of  his  blood  taken  by  me  at  the  time  of  my  visit  did  not  respond  to 
the  VVidal  test.  Aside  from  this  one  case,  no  other  case  of  sickness  had  appeared 
'with  anybody  connected  with  the  handling  of  the  milk,  and  as  the  date  of  this 
man's  sickness  was  August  17,  it  does  not  seem  possible,  even  if  he  had  typhoid 
fever,  for  him  to  have  caused  other  cases,  but,  on  the  other  hand,  he  may  have  re- 
ceived the  disease  in  the  same  manner  and  from  the  same  source  by  which  the 
other  cases  were  infected. 

The  first  case  of  this  epidemic  appeared  on  July  17 ;  one  week  before  this 
patient  was  taken  ill  he  was  known  to  have  visited  Revere  Beach  and  perhaps 
been  exposed  in  some  unknown  way  to  the  disease.  At  any  rate  he  was  ill  and 
subsequently  died  of  typhoid  fever.  During  his  illness  milk  was  obtained  from 
Mr.  X.,  and  at  times  when  the  supply  was  exhausted  an  additional  amount  was 
procured  from  a  store,  also  supplied  by  X.  The  habits  of  the  family  were  ap- 
parently of  such  a  character  that  infection  could  be  easily  transmitted,  and  per- 
haps by  the  milk  cans  or  pitcher  as  readily  as  by  any  other  soui'ce,  and  when 
by  further  investigation  it  was  found  that  16  of  the  20  patients  ill  with  the 
disease  procured  milk  at  one  time  or  another  from  this  store,  it  is  apparent  that  a 
very  close  relationship  exists.  The  remaining  4  cases  (Nos.  3,  6,  19  and  25)  had 
access  to  X.'s  milk  directly  from  the  farm  only,  but  it  was  possible,  although  not 
probable,  for  them  also  to  have  received  their  infection  through  unclean  cans. 
The  facilities  for  washing  cans  at  the  farm  were  good.  The  city  water  was  used 
and  each  can  was  said  to  be  thoroughly  scalded  before  again  being  used.  No 
further  cases  have  developed,  and  apparently  with  the  death  of  case  No.  1  the 
source  of  the  disease  was  stopped.  ■- 

F.  L.  Morse,  M.D., 

Medical  Inspector^ 

"Wakefield. 

All  cases  of  diphtheria  and  scarlet  fever  the  past  year  have  been,  and 
will  be  in  the  future,  thoroughly  fumigated  by  a  member  of  this  board, 
which  we  hope  will  minimize  the  chances  of  spreading  said  diseases. 

We  have  turned  our  attention  to  the  purification  of  Lake  Quannapowitt, 
and  have  caused  notices  to  be  served  on  several  parties  directing  them  to 
discontinue  emptying  sewage  into  the  lake.  All  the  notices  were  acted 
upon  promptly,  and  the  drains  were  cut  off,  cesspools  being  put  in  to  take 
care  of  the  sewage.  This  work  will  be  continued  by  the  board  as  soon  as 
the  weather  permits. 
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Waltham. 

During  the  year  the  statute  relative  to  bakeries  entered  into  effect,  and 
copies  of  the  statute  were  printed  in  the  daily  papers  and  posted  in  the  dif- 
ferent bakeries  throughout  the  city.  This  statute  has  been  the  means  of 
^bringing  about  some  important  changes  in  the  sanitary  construction  of 
Ibake-houses,  and  in  order  to  know  that  the  law  was  being  complied  with 
the  board  recommended  a  quarterly  inspection  of  all  the  buildings  in  which 
l)akeries  were  located. 

Beginning  with  the  opening  of  the  school  year  in  September  an  epidemic 
of  scarlet  fever  began  which  was  of  a  very  mild  type,  so  mild  in  fact  that 
the  children  attended  school  without  attracting  the  attention  either  of  the 
parents  or  teachers  to  the  fact  that  these  children  were  victims  of  the  dis- 
ease, and  not  until  some  other  member  of  the  family  was  taken  down  and 
a  physician  called  was  it  discovered  that  one  or  more  of  the  same  family 
were  desquamating  and  had  been  in  regular  attendance  in  school.  In  this 
manner  the  disease  spread  over  the  city  and  made  it  very  difficult  to  control. 

During  the  year  627  cultures  have  been  taken  and  examined  for  the 
presence  of  the  diphtheria  bacillus.  Of  these,  195  were  positive  and  432 
negative. 

The  type  of  the  disease  has  been  quite  severe,  but  except  in  those  cases 
that  were  neglected  the  early  use  of  antitoxin  has  been  found  of  inestimable 
value  in  stopping  the  course  of  the  disease., 

"Ware. 
A  general  inspection  of  all  the  premises  throughout  the  town  was  made 
last  spring,  and  a  list  of  facts  bearing. upon  the  sanitary  condition  of  each 
place  obtained.  These  are  kept  on  file  for  reference  and  to  facilitate  the 
future  work  of  the  board  in  this  direction.  In  reference  to  the  use  of  the 
public  sewers  the  inspector  found  in  this  examination  as  follows  ;  — 

Number  of  houses  connected  with  sewer  and  water-closet,       .  .     220 

Number  of  houses  connected  with  sewer  without  water-closet,  .     156 

Number  of  houses  not  connected  with  sewer  or  water-closet,   .  .     145 

J^umber  of  houses  in  bad  condition, .88 

Of  those  in  bad  condition  many  old  waste  pipes  were  found  to  be  without 
traps,  and  this  evil  was  remedied  as  rapidly  as  possible  by  the  board. 

Our  board  petitioned  the  State  Board  of  Health  for  advice  in  reference 
to  the  source  of  ice  supply  of  the  town,  and  an  examination  of  the  water 
of  Wesson's  pond  and  Muddy  Brook  at  Snow's  pond  was  made  by  its 
chemist,  and  the  surroundings  of  the  two  sources  of  supply  examined  by 
one  of  its  engineers.  The  analyses  of  the  waters  were  satisfactory,  show- 
ing them  to  be  of  good  quality  and  free  from  contamination,  and  the  ex- 
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amination  by  the  engineers  indicated  that  the  only  source  from  which  the 
pond  might  be  polluted  was  the  cow-yard  on  the  farm  just  above  the  Wessorsi 
Pond.  We  had  this  yard  removed  and  filled  in  with  new  earth,  which 
does  away  with  any  possibility  of  foul  drainage  getting  into  the  brook  afe 

that  point. 

Watertown. 

The  town's  sanitary  condition  is  very  good  and  the  death-rate  is  1  per 
cent,  less  than  that  of  last  year.  The  town  has  been  remarkably  free  frona 
contagious  diseases. 

Westfield. 

One  hundred  and  forty-seven  complaints  have  been  attended  to  during 
the  year. 

A  bacteriological  examination  is  made  in  all  reported  cases  of  diph- 
theria, and  will  be  made  for  typhoid  fever  and  malaria  on  application  of 
a  physician. 

Weston. 

Twelve  houses  in  which  there  had  been  cases  of  contagion  were  thor- 
oughly fumigated.  One  box  car  and  one  carriage  were  also  treated  with 
formaldehyde  gas. 

In  January,  there  having  been  6  cases  of  diphtheria  reported  within  a 
short  time,  and  with  the  knowledge  that  the  disease  was  prevalent  in  other 
towns,  the  medical  adviser  and  the  board  of  health,  after  due  deliberation^ 
decided  to  close  the  schools  for  a  few  days  and  disinfect  the  buildings. 
The  school  committee  heartily  endorsed  this  decision  and  on  January  10 
the  schools  were  closed. 

Westport. 

The  report  of  the  medical  inspector  upon  the  prevalence  of  scarlet  fever 

at  Westport  is  as  follows  :  — 

Dec.  30,  1899. 

On  December  19  a  letter  was  received  from  a  physician  of  Adamsville,  R.  I.> 
containing  the  information  that  cases  of  scarlet  fever  existed  at  Central  Village 
in  the  town  of  Westport,  Mass.,  that  the  local  board  of  health  had  taken  little,  if 
any,  precautions  for  the  purpose  of  stopping  the  disease,  that  no  disinfection  had 
been  attempted,  and  that  children  in  the  same  families  where  the  sickness  existed 
were  allowed  to  go  to  school  as  usual.  Furthermore,  as  a  result  of  their  care- 
lessness 5  other  cases  had  occurred  across  the  boundary  line  in  Rhode  Island  by 
direct  infection  from  the  cases  at  Central  Village,  and  as  one  of  the  local  doctors 
called  his  cases  measles  and  not  scarlet  fever  he  wished  something  done  to  pre- 
vent the  further  spread  of  the  disease. 

I  accordingly  went  to  Central  Village  on  December  21  and  investigated  all  of 
the  available  cases. 

The  first  cases  of  which  any  definite  information  could  be  obtained  appeared 
last  October.  On  the  fifth  of  the  month  the  first  child  was  taken  ill,  and  within 
the  following  two  weeks  4  other  children  in  the  same  family  were  also  ill  with 
the  disease.  The  description  which  the  mother  gives  of  the  character  of  the 
eruption   is  more  consistent  with  the  rash  of  scarlet  fever  rather  than  that  of 
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measles,  and  as  the  mother  said  she  was  acquainted  with  the  characteristics  of  the 
disease  and  as  all  of  the  children  desquamated,  it  is  fair  to  consider  the  possibility 
of  the  alfection  being  scarlet  fever.  On  the  other  hand,  the  attending  physician 
who  made  only  occasional  visits  at  the  house,  because  the  children  were  not  par- 
ticularly ill,  stated  that  the  illness  was  German  measles.  With  that  diagnosis  no 
quarantine  was  placed  on  the  house  and  the  other  children  in  the  family  were  al- 
lowed to  go  to  school,  where  they  associated  with  other  children. 

On  October  26  and  the  few  remaining  days  of  that  month  6  children  in  another 
family  were  taken  ill  with  unquestionable  scarlet  fever.  These  children,  with 
the  exception  of  the  youngest  one,  all  attended  the  same  school  as  the  children  in 
the  first  group  and  came  necessarily  in  close  contact  with  them.  These  cases  were 
reported  to  the  local  board  of  health  and  a  card  was  placed  upon  the  door,  but  at 
that  point  the  board  of  health  evidently  thought  that  their  labors  ended,  for  no 
restrictions  were  placed  upon  the  occupants  of  the  house  and  when  recovery  had 
taken  place  no  disinfection  was  even  attempted.  The  card  was  simply  removed 
and  with  it,  I  suppose,  it  was  thought  the  disease  vanished.  Such  was  not  the 
case,  for  the  nurse  who  attended  the  children  went  to  an  adjoining  town  in 
Rhode  Island  to  take  care  of  a  woman  in  confinement,  and  within  ten  days  3  of 
the  children  in  that  family  were  taken  ill  with  scarlet  fever. 

The  next  cases  appeared  among  three  membei-s  of  the  family  of . 

They  were  taken  ill  on  November  17,  21  and  27,  respectively.  The  attending 
physician  pronounced  the  disease  German  measles,  but  even  at  the  time  of  my 
visit  the  child,  a  girl  of  four  years  of  age,  was  desquamating  on  her  hands,  the 
character  of  it  being  similar  to  that  of  scarlet  fever,  and  the  subsequent  history, 
I  think,  is  confirmatory  of  that  diagnosis,  for  upon  November  30  a  cousin  of  this 
family,  having  visited  at  the  house  three  days  previously,  was  taken  ill  with  un- 
doubted scarlet  fever,  and  upon  December  7,  Alice  D ,  a  domestic  in  Cen- 
tral Village,  was  taken  ill  with  the  disease  after  exposure  to  the  same  source. 

The  next  cases  to  appear  were  Charles  and  Gertrude  W ,  five  and  three 

years  of  age,  and  living  in  a  house  directly  opposite  that  of  the  family  just  men- 
tioned.    Alice  D ,  the  domestic  just  mentioned,  worked  for  this  family,  and 

these  2  childi-en  were  taken  ill  three  and  eight  days  after  the  date  of  her  going 
to  bed.  Two  other  cases,  one  at  Little  Compton  and  the  other  at  Tiverton,  R.  I., 
were  said  to  have  developed  from  exposure  to  these  cases.  In  five  houses  at 
Central  Village  where  the  disease  was  present  only  two  of  them  had  a  notification 
card  of  the  presence  of  the  disease,  and  that  was  the  only  ofiicial  notice  or  act  by 
the  local  board  of  health. 

The  following  letter  was  sent  to  the  chairman  of  the  board  of  health  of  West- 
port.  With  the  letter  was  sent  the  circular  of  scarlet  fever  issued  by  this  board 
for  their  instruction  in  regard  to  the  way  the  disease  is  disseminated  and  the 
proper  methods  of  controlling  it, 

F.  L.  Morse,  M.D., 
Medical  Inspector. 

Dec.  23,  1899. 
Chairman  Board  of  Health,  Westport. 

Deak  Sir  :  —  This  Board  has  not  received  from  you  the  reports  of  infectious 
diseases  required  by  chapter  302,  Acts  of  1893,  and  upon  learning  that  cases  of 
scarlet  fever  were  present  at  Central  Village  I  have  recently  made  a  visit  there 
to  investio-ate  them. 
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I  find  that  a  total  of  17  cases  have  api^eared  since  the  first  of  October  in  that 
place,  and  that  6  other  cases  have  appeared  in  other  adjoining  towns  as  a  result 
of  your  improper  and  negligent  manner  of  isolating  those  patients  ill  with  the 
disease. 

By  referring  to  chapter  469  of  the  Acts  of  1898  you  will  find  the  law  states  that 
"  no  child  who  is  a  member  of  a  household  in  which  a  person  is  sick  with  small- 
pox, diphtheria,  scarlet  fever  or  measles  shall  attend  any  public  school  during 
such  sickness,"  etc.  On  inquiry  I  find  that  this  law  has  been  violated  to  a  con- 
siderable extent,  as  6  cases  have  apparently  contracted  the  disease  by  attending 
school  where  other  children  came  from  such  a  household. 

Section  102,  Acts  of  1890,  requires  that  the  rooms  and  articles  therein  which 
have  been  subjected  to  infection  shall  be  disinfected.  As  you  well  know,  nothing 
in  regard  to  disinfection  has  even  been  attempted  by  your  board,  and  hence  every 
house  where  the  disease  has  appeared  is  a  focus  for  the  spi-ead  of  the  sickness, 
and  although  no  serious  cases  have  as  yet  developed,  the  next  one  to  appear  may 
be  a  fatal  one,  which  if  ordinary  measures  of  isolation  and  disinfection  had  been 
observed  would  have  been  prevented. 

At  the  present  time  there  are  at  least  two  houses  having  cases  of  scarlet  fever 
in  them  which  are  under  no  restrictions  whatever  and  are  consequently  a  menace 
to  the  public  health.  In  such  a  case  as  you  have  at  Central  Village  every  house 
in  which  a  disease  dangerous  to  the  public  health  exists  should  be  rigidly  quaran- 
tined, and  after  recovery  from  the  disease  should  be  thoroughly  disinfected.  As 
a  help  to  you,  I  forward  also  a  circular  in  regard  to  scarlet  fever. 

Yours  respectfully, 

Frank  L.  Mouse. 

WiNCHENDON. 

At  times  the  schools  were  very  carefully  examined  every  morning  by 
physicians  detailed  for  the  purpose,  in  order  to  prevent,  if  possible,  the 
spreading  of  scarlet  fever  and  diphtheria.  The  board  of  education  was 
requested  to  enforce  the  law  requiring  school  children  to  be  vaccinated. 
Over  700  children  were  thus  treated. 

The  number  of  cases  of  typhoid  fever  has  been  very  largely  reduced, 
from  a  usual  number  of  20  to  30  down  to  6  ;  we  attribute  this  fact  largely 
to  the  introduction  of  town  water. 

The  conditions  attending  the  production  and  sale  of  milk  have  been  very 
greatly  improved  during  the  last  two  years.  The  professional  milk  men, 
those  who  really  make  a  business  of  milk  selling,  have  all  put  their  barns 
and  apparatus  in  admirable  condition.  It  is  now  a  pleasure  to  visit  their 
establishments.  The  clean  white  walls  and  well-cared-for  cows  are  a  credit 
to  the  owners. 

WlNTHKOP. 

There  has  been  an  increase  in  typhoid  cases  for  the  past  two  years.  For 
five  years  previous  to  1898,  the  largest  number  of  typhoid  cases  in  any  one 
year  was  7  ;  in  1898  there  were  11  cases,  and  in  1899,  15. 

A  careful  investigation  has  been  made  both  last  year  and  the  year  pre- 
vious as  to  the  source  or  origin  of  the  various  cases,  but  it  has  not  been 
possible  to  connect  the  cases  in  any  way. 
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In  1898  the  increase  in  the  number  of  typhoid  cases  was  largely  due,  no 
doubt,  to  the  return  to  our  town,  and  to  Boston,  of  many  soldiers  suffering 
with  and  convalescing  from  attacks  of  typhoid  fever. 

It  is  more  difficult  to  locate  the  source  of  the  disease  in  a  great  city 
suburb,  like  "Winthrop,  where  so  many  residents  go  back  and  forth  to 
business,  taking  one  meal  and  perhaps  two  meals  away  from  home,  and 
intermingling  during  the  day  with  perhaps  a  score  or  more  of  people. 

Quite  a  percentage  of  typhoid  cases  were  very  likely  contracted  else- 
where. 

About  the  time  of^the  closing  of  the  schools,  in  June,  the  board  received 
a  circular  letter  from  the  State  Board  of  Health  relative  to  vaccination. 

Included  in  the  circular  letter  were  extracts  from  the  existing  statutes 
relating  to  small-pox  and  vaccination. 

Immediately  upon  receipt  of  this  notice  from  the  State  Board  the  schools 
were  visited  by  the  physician  of  the  board  and  over  800  pupils  were  ex- 
amined. Two  hundred  and  nineteen  pupils  were  notified  to  be  vaccinated, 
either  by  the  board  of  health  or  by  their  regular  family  physician. 

The  board  has  vaccinated  180  children  and  9  adults.  Twenty  children 
were  vaccinated  the  second  time  and  2  were  vaccinated  the  third  time. 
Out  of  this  number,  so  far  as  the  board  has  been  able  to  get  a  report,  there 
were  139  successful  vaccinations.  These  were  primary  and  secondary  cases 
together. 

In  a  number  of  cases  there  has  been  negligence  on  the  part  of  parents  to 
have  their  children  report  whether  the  vaccination  has  been  successful  or 
not,  but,  as  a  whole,  parents  have  very  willingly  co-operated  with  the  board 
in  this  work,  and  the  results  have  been  very  satisfactory  and  without  force 
or  unpleasantness. 

The  resident  physicians  have  reported  54  vaccinations,  40  of  which  were 
known  to  be  successful. 

The  glycerinated  lymph  in  capillary  tubes  is  the  only  virus  which  has 
been  used  by  the  board,  as  recommended  by  the  State  Board,  and  vaccina- 
tion has  been  performed  in  the  most  approved  manner,  and  the  utmost  care 
and  attention  has  been  given  to  each  and  every  case. 

Out  of  all  the  vaccinations  made  by  resident  physicians  and  the  board 
there  has  not  been  a  single  instance  where  harm  has  resulted  from  it. 

The  persistence  of  the  diphtheria  germs  in  the  throat  of  persons  who  have 
recovered  from  the  disease  has  been  frequently  demonstrated,  and  because 
of  these  facts  the  board  adopted  the  past  year  the  following  health  regula- 
tion :  — 

"  In  all  cases  of  diphtheria  the  isolation  of  the  patient  shall  be  continued 
until  two  cultures  shall  have  been  taken,  following  the  disappearance  of  the 
membrane,  the  results  of  which  shall  be  negative.  The  first  culture  to  be 
taken  by  the  physician  in  attendance,  the  second  culture  to  be  taken  a  week 
later  by  the  physician  of  the  board  of  health." 
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Worcester. 

The  number  of  deaths  during  the  year,  exclusive  of  still-born,  was  1,800, 
a  mortality  of  15.89.  This  is  considerably  lower  than  that  of  last  year 
(16.84)  of  which  we  said  that  "it  is  the  lowest  death-rate  of  which  we 
have  any  record."  Consumption,  as  usual,  heads  the  list,  with  213  deaths, 
which  is  8  less  than  in  1898.  Tuberculosis  in  other  forms  added  19  deaths, 
a  total  of  232.  This  is  12.08  per  cent,  of  all  the  deaths  during  the  year. 
Lung  and  throat  troubles  caused  523  deaths,  20.9  per  cent,  of  the  whole 
number  of  deaths.  Pneumonia  is  second,  with  200  deaths  ;  heart  disease 
is  third,  with  168  deaths.  There  were  59  deaths  less  from  preventable 
diseases  than  in  1898.  These  include  diphtheria,  scarlet  fever,  typhoid 
fever,  measles,  whooping  cough,  membranous  croup  and  cholera  infantum. 

Seven  hundred  and  seventy-three  plans  of  plumbing  were  filed  at  the 
office  during  the  year. 

Seventeen  hundred  and  twenty-five  cultures  were  examined  in  all ;  986 
were  first  primary  cultures,  352  of  which  were  positive  and  634  negative  ; 
49  were  second  primary  cultures,  9  being  positive  and  40  negative;  11 
were  third  primary  cultures,  2  being  positive  and  9  negative. 

The  bath-houses  were  opened  to  the  public  June  5  and  closed  September 
16  ;  17,774  men  and  boys  used  the  bath-house  set  apart  for  them  during 
the  season. 

This  was  the  first  year  the  women  and  girls  had  the  exclusive  use  of  a 
bath-house  for  the  entire  season  ;  3,048  women  and  girls  made  use  of  the 
house  during  the  season. 

The  isolation  hospital  has  completed  its  third  full  year  of  existence,  and 
the  results  continue  to  be  very  satisfactory.  Two  hundred  and  three  cases 
were  treated  during  the  year,  more  than  double  that  of  the  year  previous, 
thus  unmistakably  endorsing  the  position  the  board  took  at  the  beginning, 
that  it  would  not  force  any  patient  to  enter,  preferring  to  let  the  hospital 
do  its  own  work  in  obtaining  the  confidence  and  good-will  of  physicians 
and  public. 

This  year's  experience  has  shown  conclusively  that  our  accommodations 
are  too  small.  We  have  been  obliged  to  refuse  patients  for  lack  of  room, 
and  this,  too,  without  any  epidemic  prevailing.  We  are  handicapped,  also, 
by  lack  of  accommodations  for  cases  of  mixed  infection,  that  is,  patients 
who  are  suffering  with  both  scarlet  fever  and  diphtheria,  a  very  common 
complication.  It  is  dangerous  to  keep  mixed  cases  in  either  the  diphtheria 
or  scarlet  fever  wards,  because  of  the  liability  of  infecting  the  patients 
suffering  with  either  of  these  diseases  singly.  In  our  opinion  the  most 
economical  way  to  meet  this  demand  would  be  to  raise  the  wards  one  story, 
making  them  two  stories  in  height  each  instead  of  one,  as  they  are  at 
present.     This  would  double  our  accommodations  and  would  at  the  same 
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time  give  us  room  for  the  mixed  infection  cases.  We  are  informed  that 
this  can  be  done  at  a  cost  not  exceeding  S12,000. 

"We  earnestly  recommend  that  this  matter  receive  early  attention,  be- 
lieving that  it  is  better  to  be  prepared  to  meet  any  epidemic  which  may 
arise  and  thus  be  the  means  of  checking  its  spread  and  saving  many  valu- 
able lives. 

We  have  relied  more  and  more  upon  antitoxin  in  the  treatment  of  diph- 
theria, and  still  place  the  utmost  confidence  in  its  efficacy.  We  are  in- 
debted to  the  State  Board  of  Health  for  our  supply,  and  during  the  past 
year  have  administered  340,000  units.  The  largest  amount  given  to  any 
one  person  was  12,000  units  ;  6,000  units  are  given  to  very  septic  cases  for 
an  initial  dose,  3,000  to  an  ordinary  case,  and  for  a  patient  who  has  little 
or  no  membrane  and  no  constitutional  symptoms  1,500  units  are  deemed 
sufficient.  The  dose  is  occasionally  repeated  in  ten  or  twelve  hours,  but  it 
has  been  our  experience  that  if  there  is  no  response  to  the  first  and  second 
doses  a  third  seldom  benefits. 

Inspection  or  Summek   Resorts. 

In  the  reports  of  1896  and  1897  reference  was  made  to  the  rapid 
increase  of  summer  resorts,  picnic  and  camp  grounds  in  the  State, 
chiefly  on  the  lines  of  new  electric  railroads,  and  to  the  evident  dis- 
regard of  sanitary  precautions  which  were  noticeable  in  many  of 
them. 

An  inspection  of  these  places  was  then  made  under  the  direction 
of  Professor  Sedgwick,  and  a  report  upon  their  condition  was  made 
to  the  Board. 

During  the  past  year,  in  consequence  of  a  continued  increase  in 
the  number  of  these  places,  further  inspection  has  been  made  of 
them  by  Dr.  F.  L.  Morse,  medical  inspector  of  the  Board,  whose 
report  is  herewith  appended  :  — 

During  the  month  of  August,  1899,  the  inspection  of  summer  resorts  was 
continued,  but  to  a  less  extent  than  during  the  year  1897,  when  the  work 
was  quite  extensively  done.  Seventeen  cities  and  towns  were,  however, 
visited,  and  32  different  resorts  investigated,  as  follows  :  — 

Salisbury  Beach. 
The  Hotel  Gushing,  accommodating  150  guests,  obtains  its  drinking 
water  from  two  springs  located  on  a  hill  about  midway  between  Salisbury 
centre  and  the  beach,  and  is  brought  to  a  tank  located  on  the  beach  through 
an  iron  pipe,  which,  during  a  portion  of  its  course,  lies  on  the  surface  of 
the  ground.  From  this  tank  the  water  is  supplied  to  the  hotel  and  some 
other  houses  on  the  beach.     The  hotel  is  equipped  with  a  sewerage  system. 
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the  contents  being  carried  to  a  creek  back  of  the  hotel  and  thence  into  the 
ocean.  No  objection  could  be  learned  as  to  this  method  of  disposal.  In 
addition  to  this  water  supply  there  is  also  a  well  in  the  cellar  from  which 
water  is  used  for  bath  and  fire  purposes  only. 

The  Seaside  House  is  located  just  across  the  street  from  the  Gushing. 
The  drinking  water  is  obtained  from  a  well  in  the  square  at  Salisbury  cen- 
tre, and  two  barrels  are  brought  daily  to  the  hotel  for  table  use.  The 
water  for  bath  and  domestic  use  is  obtained  from  a  well  in  the  yard,  and 
the  ice  is  obtained  from  Buzzell's  Pond.  The  sink  and  bath  drainage  is 
conveyed  through  a  pipe  to  the  barn  cellar,  some  100  feet  distant,  where  it 
percolates  into  the  ground.  The  privies  at  both  the  hotel  proper  and  the 
annex  were  in  a  filthy  condition  and  were  apparently  cleaned  quite  infre- 
quently.    Fifty  guests  are  accommodated  at  this  hotel  daily. 

The  Cable  House  accommodates  25  guests.  Tlie  table  water  for  drink- 
ing purposes  is  obtained  from  Rocky  Hill  Spring,  and  the  water  for  other 
purposes  comes  from  the  tank  supply  mentioned  in  connection  with  the 
Hotel  Gushing.  The  privies  connected  with  the  hotel  were  in  a  filthy  con- 
dition, and  the  vaults  were  emptied  only  once  a  year. 

The  Salisbury  House  accommodates  30  guests.  The  water  supply  is  ob- 
tained from  the  above-mentioned  tank,  and  the  sink-drainage  water  flows 
into  the  sand  of  the  driveway  at  the  side  of  the  house.  The  privies  were 
in  an  offensive  condition,  were  cleaned  twice  yearly  and  the  contents  buried. 

The  Atlantic  House  accommodates  25  to  30  guests.  The  drinking  and 
other  water  was  obtained  from  the  above-mentioned  tank,  and  the  sink 
drainage  was  carried  through  a  pipe  under  the  house,  where  it  soaked  into 
the  sand.  Although  the  privies  were  cleaned  only  twice  a  year,  they  were 
not  in  a  particularly  offensive  condition. 

The  Gastle  Mona  accommodates  about  30  guests.  The  privies  were  lo- 
cated back  of  the  hotel,  were  very  offensive  in  character,  and  had  not  been 
cleaned  since  the  hotel  was  opened  early  in  the  summer.  The  water  sup- 
ply was  obtained  from  a  well  located  under  the  house,  and  the  drainage 
was  carried  by  an  iron  pipe  to  the  marsh  back  of  the  house,  where  it 
eventually  flowed  into  the  ocean. 

The  sanitary  conditions  of  five  of  these  houses  being  especially  bad  and 
a  menace  to  the  public  health,  the  chairman  of  the  board  of  health  of  Salis- 
bury was  notified. 

RocKPORT,  Pigeon  Gove. 

At  Pigeon  Gove,  which  is  located  in  the  town  of  Rockport,  are  the  Pigeon 
Cove  and  Lin  wood  hotels  and  the  Ocean  View  House.  All  of  them  are 
supplied  by  the  public  water  supply  of  the  town  of  Rockport  and  all  have 
sewage  connections,  the  contents  of  the  sewers  being  carried  directly  into 
the  ocean.  No  complaints  have  been  made  in  regard  to  the  sanitary  con- 
ditions existing  at  the  hotels,  and  to  all  appearances  the  conditions  existing 
were  first  class. 
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Gloucester. 

Long  Beach  is  situated  in  Gloucester,  about  three  miles  from  the  centre 
of  the  city,  and  is  reached  by  the  cars  of  the  Gloucester  street  railway  com- 
pany. It  is  also  controlled  and  managed  by  the  street  railway  company. 
For  attractions  it  has  a  vaudeville  entertainment  given  twice  daily,  a  merry- 
go-round,  flying  horses,  and  a  caf6  for  the  accommodation  of  the  patrons. 
At  times  the  resort  is  patronized  by  2,000  to  3,000  people.  The  water 
supply  is  obtained  from  a  dug  well  located  upon  the  beach  in  the  midst  of 
the  buildings,  the  water  being  pumped  to  the  surface  by  a  hand  pump. 
The  women's  privy  is  about  200  feet  and  the  men's  100  feet  distant  from 
the  well,  both  on  higher  ground  and  sloping  towards  the  beach.  Both 
privies  were  in  a  filthy,  offensive  condition,  and  apparently  not  cleaned 
during  the  summer  season. 

On  account  of  the  existing  conditions,  the  following  communication  was 
sent  to  the  manager  of  the  Gloucester  Street  Railway  Company :  — 

Aug.  14,  1899. 
To  the  Manager  of  the  Oloucester  Street  Railway  Company,  Gloucester,  Mass. 

Dear  Sir  :  —  A  visit  has  been  made  to  Long  Beach,  a  summer  resort  in  Glouces- 
ter, managed  at  the  present  time  b}^  your  railway  company,  and  the  sanitary 
conditions  there  investigated. 

As  you  may  know,  the  water  is  obtained  from  a  well  situated  in  the  midst  of 
the  buildings.  The  privies  are  situated  about  100  and  200  feet  distant,  on  higher 
ground,  the  slope  of  the  ground  being  towards  the  well.  Both  privies  were  in  an 
unsanitary  condition  and  were  offensive  at  the  time  of  my  visit.  In  view  of  the 
fact  that  this  resort  is  much  frequented  by  visitors,  it  becomes  necessaiy  to  advise 
you  to  improve  such  conditions,  in  the  interest  of  the  public  health.  Should  you 
wish  for  further  information,  it  will  be  given  you  on  application. 

Yours  respectfully, 

Frank  L.  Morse,  M.D., 

Medical  Inspector. 
Springfield. 
Bear's  Hole  is  a  resort  patronized  for  the  most  part  by  small  parties  who 
go  there,  for  the  day  only,  for  a  clam  bake.     There  are  no  street  cars  to 
the  place,  and  it  is  reached  only  by  carriage.     At  this  place  is  located 
the  Massasoit  spring,  which  is  apparently  a  water  of  considerable  purity. 

Riverside  Grove  is  located  on  the  Connecticut  River,  below  Springfield, 
and  is  reached  only  by  a  steamer,  which  is  run  by  private  parties  and  is 
chartered  for  picnic  parties  principally.  The  water  supply  is  derived  from 
a  dug  well,  and  privies  exist  at  the  place,  but  as  far  as  could  be  learned 
there  was  little  or  no  objection  or  complaint  concerning  them. 

Forest  Park  is  located  three  miles  from  the  centre  of  the  city,  is  reached 
by  the  electric  cars,  and  is  under  the  control  of  the  park  commissioners  of 
the  city  of  Springfield.     It  is  supplied  by  the  public  water  supply,  and  the 
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privies  at  the  park  are  cleaned  daily,  being  in  excellent  condition.  The 
park  covers  many  acres  of  land,  and  is  patronized  freely  on  account  of  the 
beautiful  scenery  which  it  affords.  There  are  also  many  varieties  of  ani- 
mals to  be  seen  here. 

Chicopee  Camp  Grounds. 

These  grounds  are  located  in  Springfield,  on  the  route  of  the  street  cars 
running  to  Chicopee  Falls.  They  are  extensively  patronized  during  the 
summer  time  by  the  Adventists,  who  hold  camp  meetings  here,  there  being 
at  times  1,000  to  1,500  people  present,  some  of  whom  live  here  in  cottages 
during  the  entire  summer  season.  The  water  supply  is  obtained  from  three 
dug  wells,  walled  on  the  inside,  and  located  at  different  parts  of  the  grounds. 
From  their  location  near  the  several  cottages,  it  is  practically  impossible 
to  prevent  them  from  being  extensively  polluted.  There  is  no  sewerage 
system  on  the  grounds,  and  the  sink  drainage  is  allowed  to  run  to  waste, 
usually  upon  the  surface  of  the  ground.  Two  privies  are  located  on  the 
borders  of  the  grounds.  Both  were  in  a  foul,  offensive  condition,  appar- 
ently infrequently  cleaned,  and  in  addition  a  large  pile  of  stable  manure 
was  close  by. 

The  assistant  superintendent  was  informed  of  the  danger  existing  from 
these  conditions,  and  advised  to  remedy  them  before  another  season. 
Three  samples  of  water  were  taken  from  the  three  wells,  and  the  analyses 
are  appended  (see  page  787). 

HOLYOKE. 

Springdale  Park  is  located  on  the  outskirts  of  the  city  and  on  the  line  of 
the  street  cars  running  to  Springfield.  Horse  racing  is  the  principal  attrac- 
tion, and  the  park  is  not  open  constantly  to  the  public.  The  grounds  were 
in  good  sanitary  condition. 

Mountain  Park  is  located  about  three  miles  from  the  centre  of  the  city 
of  Hoi  yoke,  at  the  foot  of  Mount  Tom,  and  is  reached  by  the  Holyoke 
Street  Railway.  For  attractions  it  has  flying  horses,  vaudeville  entertain- 
ment, roller  coaster,  animals,  etc.,  and  a  cafe  is  located  on  the  grounds  for 
the  accommodation  of  the  patrons.  The  water  supply  is  obtained  from  a 
spring  located  on  an  adjacent  hill,  and  the  water  is  brought  to  the  park 
through  an  iron  pipe.  It  is  apparently  of  good  quality  and  not  polluted. 
The  pi'ivies  were  located  on  the  grounds  and  were  in  good  condition,  being 
cleaned  apparently  at  frequent  intervals,  and  the  grounds  of  the  park  itself 
were  in  excellent  condition.  The  Whiting  Street  reservoir,  one  of  the  city's 
public  water  supplies,  is  located  adjacent  to  this  park,  but  a  barbed-wire 
fence  affords  additional  protection  from  pollution  by  the  patrons  of  the 
park. 

Mount  Tom  is  reached  from  Mountain  Park  by  a  trolley  car  running  to 
its  top,  and  is  also  under  the  control  of  the  street  railway  company.  A 
building  located  at  the  summit  of  the  mountain  affords  a  fine  view  of  sur- 
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rounding  country,  and  an  entertainment  is  offered  several  times  daily. 
The  water  supply  is  obtained  from  a  spring  located  on  the  hillside,  the 
water  being  pumped  to  a  tank  at  the  top  of  the  building,  and  the  sewage  is 
conveyed  down  the  mountain  side  to  a  cesspool.  The  sanitary  conditions 
existing  were  exceptionally  good.  In  addition  there  was  a  ladies'  privy  on 
the  west  side  of  the  mountain,  being  the  side  opposite  the  Whiting  Street 
reservoir. 

Lake  Pleasant. 

Lake  Pleasant  is  situated  in  the  town  of  Montague,  and  is  the  public 
water  supply  of  Turner's  Falls ;  it  is  also  the  location  of  the  Spiritualists'^ 
camp  ground,  which  occupies  the  south  shore  of  the  lake,  the  pumping  sta- 
tion being  on  the  opposite  side.  During  the  summer  season  there  are 
about  1,000  permanent  residents,  and  this  number  is  increased  by  many 
thousands  daily  who  come  to  attend  the  lectures  given  under  the  direction 
of  the  Spiritualists.  The  water  supply  is  derived  from  the  lake,  the  intake 
being  about  200  feet  from  the  shore,  and  the  water  pumped  to  a  tank  on 
the  grounds,  whence  it  is  distributed  through  pipes  to  the  cottages.  A 
small  steamer  and  about  15  row  boats  are  on  the  lake.  The  water-closets 
are  located  some  200  feet  away  from  the  shore  of  the  lake  and  separated 
from  it  by  a  divide,  so  that  pollution  from  this  source  is  impossible.  Two 
public  privies  are  located  still  farther  away  and  were  apparently  frequently 
cleaned,  but  many  private  ones  accommodating  only  single  cottages  were 
filthy  and  offensive.  Lectures  and  dances  are  the  principal  attractions 
offered. 

Orange. 

Brookside  Park  is  located  in  the  town  of  Orange,  about  midway  between 
that  town  and  Athol,  being  owned  by  the  Athol  &  Orange  Street  Railway 
Company.  This  is  a  new  park,  opened  during  the  present  season,  and 
offers  the  usual  attractions  present  at  such  resorts.  The  water  was  ob- 
tained from  a  driven  well  20  feet  deep,  located  in  the  middle  of  the 
grounds,  and  an  analysis  of  a  sample  taken  at  the  time  of  my  visit  shows 
it  to  be  unpolluted.  The  privies  were  located  100  feet  distant  on  lower 
ground,  and,  being  new,  they  were  no  guide  as  to  their  sanitary  condition. 
The  manager  was  instructed  in  methods  which  would  keep  the  grounds  in 
a  good  condition,  and  promised  to  follow  out  the  suggestions  offered. 

Athol. 
The  grounds  of  the  Worcester  North-western  Agricultural  Society  are  lo- 
cated here,  and  meetings  are  held  occasionally  during  the  summer  and  fall. 
Horse  racing  and  the  exhibition  of  farm  produce  are  the  principal  attrac- 
tions offered.  The  well  from  which  the  water  is  obtained  is  located  in  the 
middle  of  the  field,  and  is  apparently  not  subjected  to  much  pollution. 
The  privies  are  located  100  feet  distant  from  it,  on  lower  ground,  and  both 
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were  in  a  filthy  condition,  apparently  not  cleaned  for  many  months.  As 
there  was  to  be  a  meeting  there  soon,  the  following  letter  was  sent  to  the 
manager  :  — 

Aug.  26,  1899. 

Manager  Worcester  North-western  Agricultural  Society,  Aihol,  Mass. 

Dear  Sir  :  —  A  visit  has  been  recently'  made  to  the  grounds  of  this  society,  and 
the  sanitary  conditions  investigated.  The  privies  were  found  to  be  in  a  bad  con- 
dition ;  and,  in  view  of  the  coming  meeting  next  month,  the  Board  advises  3'ou  to 
talie  such  measures  as  are  necessary  to  jjlace  them  in  a  wholesome  condition. 

Respectfully  yonrs, 

Frank  L.  IMorse,  M.D., 

Medical  Inspector. 
Gardner. 

Crystal  Lake  is  the  public  water  supply  of  the  town  of  Gardner,  and  on 
the  shore  of  the  lake  is  located  a  pleasure  resort.  The  grounds  were  kept 
in  a  good  sanitary  condition,  the  privies  being  supplied  with  removable 
boxes,  which  were  changed  daily  and  the  contents  removed.  The  water 
supply  is  obtained  from  a  dug  well  located  on  the  grounds  about  20  feet 
distant  from  a  stable  accommodating  about  twenty-five  horses,  but,  as  it  is 
on  a  higher  level,  it  is  not  probably  polluted  from  that  source.  For  enter- 
tainment, a  merry-go-round,  bowling,  dancing  and  refreshments  are  sup- 
plied. Several  hundred  people  attend  this  resort  daily,  the  street  cars 
running  to  the  grove  nearby.  About  twelve  or  fifteen  row  boats  were  on 
the  lake,  and  sticks  and  tin  cans  were  seen  in  the  water  near  the  boat  land- 
ings. In  addition  to  this  resort,  there  were  a  number  of  private  cottages 
located  on  the  lake. 

FlTCHBURG. 

The  principal  pleasure  resort  near  Fitchburg  is  at  Whalora  Lake,  which 
is  located  in  Lunenburg,  and  is  controlled  by  the  Fitchburg  &  Leominster 
Street  Railway  Company.  The  grounds  of  the  resort  were  found  to  be 
clean,  well  kept  and  in  excellent  condition,  and  several  thousands  visit 
here  daily.  For  amusement  there  is  boating,  dancing,  bowling,  and  a 
vaudeville  entertainment  given  in  a  temporary  theatre  erected  in  the  woods. 
The  water  is  obtained  from  the  Leominster  public  water  supply  and  from 
one  well  located  on  the  grounds.  A  sample  of  water  from  this  well  was 
analyzed  and  found  to  be  polluted.  Two  good  water-closets  are  located 
on  the  grounds,  both  emptying  into  cesspools  10  feet  distant,  the  latter 
being  cleaned  frequently  as  occasion  requires.  The  superintendent  of  the 
street  railway  company  was  notified  of  the  pollution  of  the  well,  and,  as 
there  was  already  a  good  water  supply  on  the  grounds,  advised  to  close  it 
at  once,  and  this  was  done. 

Essex. 
Centennial  Grove  is  located  on  the  shore  of  Chebacco  Lake  in  the  town 
of  Essex,  on  the  Essex  branch  of  the  Boston  &  Maine  Railroad.     The  water 
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is  obtained  from  a  dug  well  located  in  the  middle  of  the  grounds,  and  both 
men's  and  women's  privies  are  on  the  shore  of  the  lake  hardly  20  feet  from 
the  water.  Both  privies  were  foul  smelling  and  apparently  not  cleaned  for 
many  months.  The  grove  is  not  open  to  the  public  continuously,  and  is 
only  patronized  by  picnic  parties  on  special  occasions.  Considerable  ice 
is  cut  from  the  lake  in  the  winter  season,  and  two  of  the  ice  houses  are 
located  quite  near  the  picnic  grounds.  On  account  of  the  unsanitary  con- 
ditions present,  the  following  letter  was  sent  to  the  proprietor  :  — 

Aug.  26,  1899. 
Proprietor  Centennial  Orove,  Essex,  Mass. 

Dear  Sir:  —  A  visit  has  been  recently  made  to  this  grove,  and  the  sanitary 
conditions  investigated.  The  privies  were  found  to  be  in  a  filthy  condition,  and 
apparently  not  cleaned  for  some  time.  In  view  of  the  large  number  of  people 
who  visit  this  grove,  the  Board  advises  you  to  have  the  privies  immediately 
cleaned,  and  the  contents  removed  to  a  locality  so  that  they  will  not  pollute  the 
waters  of  the  lake,  from  which  nuicli  ice  is  obtained. 

Respectfully  yours, 

Frank  L.  Morse,  M.D., 

Medical  Inspector. 
Hamilton. 
Asbury  Grove  is  located  in  the  town  of  Hamilton,  well  known  as  one  of 
the  Methodist  camp  grounds,  and  is  reached  by  the  street  cars  of  the  Lynn 
&  Boston  Railway  and  the  steam  cars  of  the  Boston  &  Maine  Railroad. 
The  water  supply  is  obtained  from  three  dug  wells  located  at  different  parts 
of  the  grounds,  but  in  the  midst  of  the  cottages.  The  privies,  four  in  num- 
ber, are  located  from  200  to  400  feet  distant  from  the  cottages.  The  deposits 
are  not  removed  during  the  summer  season,  but  are  daily  covered  with 
earth,  and  hence  the  conditions  are  not  especially  disagreeable. 

Lowell. 

The  principal  pleasure  resorts  near  the  city  of  Lowell  are  located  at  Tjmg's 
Pond,  on  the  line  of  the  Lowell  &  Suburban  Street  Railway  Company. 

Lakeview  is  on  the  shore  of  Tyng's  Pond,  in  the  town  of  Dracut,  and  is 
owned  and  managed  by  the  street  railway  company,  having  the  usual  at- 
tractions found  at  such  places.  The  water  supply  is  obtained  from  six 
driven  wells  located  in  the  meadow  back  of  the  theatre,  and  is  pumped  to  a 
tank  located  on  the  grounds,  and  then  distributed  about  them.  No  water 
is  taken  from  the  pond.  The  women's  water-closet  is  located  on  the  shore 
of  the  pond,  the  cesspool  into  which  the  sewage  is  discharged  being  within 
10  feet  of  the  water,  and  apparently  filtering  into  it ;  the  men's  privy  is  20 
feet  from  the  shore  of  the  pond  and  adjacent  to  a  large  ice  house.  The 
vault  is  cleaned  once  in  two  months,  and  at  the  time  of  my  visit  was  in 
good  condition,  having  been  cleaned  the  previous  week.  Two  other  privies 
were  located  on  the  opposite  side  of  the  road,  and  were  in  a  filthy  condi- 
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tion,  the  one  located  near  the  theatre  apparently  draining  towards  the 
wells.  One  pump,  with  a  well,  was  located  in  the  midst  of  the  grounds, 
and  about  30  feet  from  the  stable.  The  grounds  in  general  were  in  good 
condition.  The  following  communication  was  sent  to  the  manager  of  the 
street  railway  company,  on  account  of  the  danger  of  pollution  to  the  lake 

from  the  men's  privy. 

Aug.  26,  1896. 

Manager  Lowell  &  Buburhan  Street  Eailway  Company,  Lowell,  Mass.     . 

Dear  Sir:  —  A  visit  has  been  made  recently  to  Lakeview,  and  the  sanitary 
conditions  investigated.  The  grounds  vrere  found  clean  and  in  good  condition. 
On  account  of  the  fact  tliat  ice  is  obtained  from  the  pond  for  domestic  use,  and 
that  the  men's  privy  is  within  a  few  feet  of  one  of  the  large  ice  houses,  it  is  ad- 
visable for  you  to  have  this  privy  in  as  clean  a  condition  as  possible,  and  the  con- 
tents removed  frequently  to  a  place  so  situated  that  the  pond  could  not  possibly 
be  polluted  from  it. 

Respectfully  yours, 

Frank  L.  Morse,  M  D,, 

Medical  Inspector. 

WiLLOWDALE. 

Willowdale  is  also  located  on  the  shore  of  Tyng's  Pond,  in  the  town  of 
Tyngsborough.  The  street  cars  run  to  the  shore  of  the  pond,  and  the 
grove,  about  one-half  mile  distant,  is  reached  by  a  path  through  the  woods 
or  by  a  small  steamer,  which  runs  frequently.  The  principal  amusements 
offered  are  boating,  vaudeville  entertainments  and  refreshments.  The 
domestic  water  is  obtained  from  the  pond,  the  intake  pipe  being  about  30 
feet  from  the  shore,  and  is  pumped  to  a  tank  at  the  top  of  the  building, 
from  which  place  it  is  distributed  about  the  grounds.  The  drinking  water 
was  said  to  be  obtained  from  a  well  located  under  the  ell  of  the  house  some 
100  yards  away.  A  pipe  carried  the  water  from  this  well  to  the  picnic 
grounds,  but  the  water  in  the  well  was  so  low  at  the  time  of  my  visit  that 
it  could  not  be  conveyed  in  that  way,  and  it  was  said  to  be  carried  in  bar- 
rels to  the  grounds  as  often  as  was  necessary.  The  men's  and  women's 
privies  were  located  on  the  shore  of  the  pond  about  20  feet  from  the  water, 
and  were  said  to  be  cleaned  once  a  week.  Their  condition  at  the  time, 
however,  was  rather  offensive.  The  possibility  and  danger  of  using  lake 
water  for  drinking  purposes  was  pointed  out  to  the  owners,  and  they  were 
advised  to  find  a  proper  water  supply,  in  order  to  avoid  using  the  pond  water. 

Grovel  AND. 
"  The  Pines  "  at  Groveland  is  located  on  the  bank  of  the  Merrimac  River, 
and  is  owned  and  managed  by  the  Haverhill  Street  Railway  Company. 
Dancing,  vaudeville  entertainments,  refreshments  and  the  exhibition  of 
animals  are  the  principal  attractions.  The  water  supply  is  obtained  from 
two  wells  on  the  grounds,  but  so  situated  that  pollution  is  improbable. 
The  privies  are  located  on  the  river  bank,  and  apparently  had  not  been 
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cleaned  for  some  time,  for  they  were  in  a  very  foul  condition  and  had  an 
exceedingly  objectionable  odor.  The  sewage  from  the  restaurant  was  con- 
veyed through  an  iron  pipe  into  the  river.  On  account  of  the  existing 
conditions  at  the  grounds  the  following  letter  was  sent  to  the  superinten- 
dent of  the  street  railway  company  :  — 

Aug.  26,  1899. 

Superintendent  Loxuell,  Lawrence  &  Haverhill  Street  Railway  Company,  Haver- 
hill, Mass. 
Dear  Sir  :  —  A  visit  has  been  recently  made  to  "  The  Pines,"  and  the  sanitary 
conditions  investigated.  The  privies  were  in  a  filthy  and  foul-smelling  condition, 
and  the  contents  apparently  had  not  been  removed  for  some  time.  In  view  of  the 
fact  that  large  numbers  of  people  congregate  here  almost  daily,  it  is  advisable  for 
you  to  have  these  privies  immediately  cleaned,  the  contents  removed,  and  the  sur- 
roundings placed  in  a  wholesome  condition. 

Respectfully  yours, 

Frank  L.  Morse,  M.D., 

Medical  Inspector. 

PiTTSFIELD,    PONTOOSUC    LaKE. 

Point  Pleasant  is  located  on  the  shore  of  the  lake,  and  is  managed  by  the 
street  railway  company.  The  water  is  obtained  from  the  public  supply, 
which  is  considered  of  good  quality.  The  privies  were  found  to  be  in  a 
foul  condition,  located  on  rather  higher  ground  than  the  buildings  and 
draining  towards  the  lake.  The  grounds  were  kept  in  a  clean  condition. 
The  manager  of  the  street  railway  company  and  the  local  board  of  health 
were  notified  of  the  existing  conditions  and  advised  to  remedy  them. 

Hoedecker's  Grove  is  located  at  the  other  end  of  Lake  Pontoosuc,  in  the 
town  of  Lanesborough.  The  drinking  water  is  obtained  from  a  spring  in 
the  lake,  the  spring  having  been  found  at  the  bottom  of  the  lake,  a  barrel 
placed  over  it  and  the  top  of  the  barrel  covered.  An  iron  pipe  conveys  the 
water  to  the  pavilion.  The  privies  were  in  fair  condition,  with  but  little  odor. 
An  analysis  of  the  water  shows  it  to  be  of  good  quality  (see  page  788). 

These  are  the  two  principal  public  grounds  located  at  the  lake,  but  there 
are  numerous  private  cottages  located  on  the  shores,  some  of  which  drain 
their  cesspools  dii'ectly  into  the  lake. 

Westfield. 
Woronoco  Park  is  located  about  two  miles  out  from  the  centre  of  the 
city,  and  is  owned  by  the  street  railway  company.  Dancing,  refreshments, 
horse  racing  and  athletic  sports  are  the  principal  attractions.  The  water 
is  obtained  from  the  Montgomery  public  supply,  and  in  addition  Crystal 
Spring  is  located  on  the  grounds,  from  which  water  is  accessible.  The 
grounds  were  in  good  condition,  but  the  privies  were  foul  smelling,  dirty 
and  apparently  not  cleaned  for  some  time.  The  street  railway  company 
and  the  board  of  health  of  Westfield  were  notified  of  this  condition,  and 
advised  to  have  it  changed. 
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Palmer. 
Forest  Lake  is  located  on  the  line  of  tbe  Palmer  &  Monson  Street  Rail- 
way Company.  The  water  supply  is  in  part  obtained  from  the  lake,  the 
intake  pipe  being  located  about  200  feet  from  the  shore.  The  water  is 
then  pumped  to  a  tank,  and  then,  after  passing  through  a  charcoal  filter,  is 
distributed  to  the  pavilion.  The  drinking  water  is  obtained  from  a  well 
located  on  the  grounds  about  200  feet  from  the  lake,  the  drainage  from 
several  cottages  being  towards  the  well.  The  sewage  from  the  pavilion  is 
carried  by  a  wooden  trough  to  the  lake.  The  privies  were  both  in  an 
offensive  condition.  Many  other  cottages  were  located  on  the  shore  of  the 
lake,  and  from  their  location  would  drain  into  it.  Samples  of  water  were 
taken,  and  the  results  are  appended  (see  page  788) . 
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Water  Analysis.  —  Wells  in  Orange,  Fitchburg  and  Springfield  —  Concluded. 
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Water  Analysis.  —  Palmer  and  Pittsfield. 
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